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Introduction 
There has been, and currently is, considerabl e 
disagreement among Primatologists as to the taxonomic 
classification of South-East Asian macaques; such disagree-
ment is most evident at the subspecific level in the species 
Macaca fascicularis (=irus){<, and M.nemestrina. 
In 1940 Chasen, writing in the Bulletin of the Raffle s 
Museum, reviewed the classification of these species which 
he restricted to the Malaysian Subregion (Map 1). He 
concludes that eleven subspecies of long-tailed macaques 
and three of pig-tailed macaques exist in this Subregion; 
he also believes that the many described forms of the 
former in the Malay Peninsula, Sumatra, Borneo and mos t 
of the smaller islands in their vicinity, represent only 
one subspecies M.fascicularis fascicularis. 
* ~In order to maintain nomenclatura l consistency, 
most authorities agree that "M.irus (Cuvier, 181 8 )", 
(Hill, 1974:476) is unavailable (Foo d en 1964 ) , a n d that 
M.fascicularis (Raffles, 1821 :246), i s avai lable a s the 
specific name for t h e long - t ai l ed macaq ue. I n the work of 
Cuvier (1 8 1 8 :109-12 0 ), t h e na me Irus is nowhe r e used in 
combinati on with a ge n us g r ou p n a me a n d i s the r efore not 
available in accor d a n c e wi th the I n terna t ional Code of 
Zoolog i cal Nomenclature (1961 , article 11g (ii)) . 
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Map 1 
Approximate Distribution of Macaca fascicularis and 
M.nemestrina in the Malaysian Subregion. 
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(After Chasen, 1940; and Fittin~hoff and Lindburg,1980) 
The dotted line encloses the area Chasen (1940) refers 
to as "Malaysia"; the unbroken line the approximate range 
of M.nemestrina, and the broken line M.fascicularis. 
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To support his view Chasen claims that M.f.fascicularis 
shows extreme variability in colour, size, proportions and 
cranial characters over its range of distribution; there is 
also much variation with age. He further maintains that this 
variation masks the local (or racial) variation which is 
usually not very striking even when good series of specimens 
of the same sex and age are compared. He claims that there is 
nonetheless an observable trend towards geographic variation 
in the long-tailed macaque, and suggests the presence of a 
cline of lighter (warmer) colour and smaller body size from 
north to south of its range; there is also a tendency towards 
even smaller body size and relatively shorter tails on small 
islands. Wilson and Wilson (1976:209) agree with Chasen's 
view, but contend that individuals are largest in coastal 
or lowland regions and smallest at higher elevations. 
Sody (1949:128), writing on "The Geographical Races 
of M.fascicularis'', disput~s Chasen's opinion and cannot agree 
with his "apparently arbitrary lumping" of all the described 
forms of macaques on Peninsula Malaya, Sumatra, Borneo and 
the surrounding islands, into one subspecies M.f.fascicularis. 
He contends that, on the basis of colour and relative tail 
length alone, there are sufficient differences amongst these 
geographical populations to justify their separation into 
distinct subspecies. He recognises ten subspecies of 
M.fascicularis in the Malay Subregion; and three on Java 9 
Sumatra and Borneo, named mordax, fascicularis and 
mandibularis respectively. It should be borne in mind, 
however, that Sody's criteria of a subspecies are rather less 
precise than those of Chasen, requiring only average 
difference for segregation into separate races. 
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The pig - tailed macaque of the Mentawai Islands (Macaca 
nemestrina pagensis) is also the subject of taxonomic 
disagreement and has often been referred to and classified 
as a subspecies of M.nemestrina (Chasen, 1940; Fooden, 1975); 
Wilson and Wilson (1976) and Tenaza (1975), however, believe 
that it is a distinct species, M.pagensis, which in size and 
habitat resembles the long-tailed macaque M.fascicularis more 
than M.nemestrina. 
The author of this thesis will examine the problem 
of M. fascicularis and M.nemestrina classification by analysis 
of skin and skull variation in specimens of these species 
from different parts of their geographic ranges. 
Species and Subspecies 
For the great majority of animals (and plants), the 
term species refers to populations whose members have the 
greatest mutual resemblance and are able to interbreed under 
natural conditions; they do not breed with members of other 
populations. Consequently the members of a species form a 
reproductively isolated population whose genes do not combine 
with those of "outside" populations but recombine continually 
by sexual reproduction within the group. As a result no 
striking differences in genetic composition and in the 
characters controlled by genes occur within the species group. 
It is reproductive isolation, according to Mayr (1969a), 
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which defines species. 
Subspecies may arise where reproductive isolation is 
incomplete, limited genetic exchange occuring at the point(s) 
of contact (if there are any), between otherwise morpholog-
ically distinct populations. Mayr (1963) defines a subspecies 
as an aggregate of local populations of a species inhabiting 
a geographic subdivision of the range of the species and 
varying taxonomically (i.e. according to their resemblances 
and differences) from other populations of the species. 
Many subspecies may eventually become full species, inter-
breeding with 11 parent 11 species ceasing under natural conditions. 
It is,however, difficult to determine whether a subspecies 
is in fact a species on the basis of reproductive isolation 
as it is usually unknown whether interbreeding still occurs 
(or can occur, e.g. insular populations) between it and the 
"parent 11 species in the natural habitat and also whether the 
hybrid progeny, if produced, are fertile and capable of 
continuing procreation. 
Primatologists usually determine species classification 
on the basis of the degree of difference (e.g. colour, 
-
morphology etc.), which is often, though not always, a close 
reflection of reproductive isolation. Further, if morpho-
logically different populations are sympatric, they must be 
species. 
Mayr 1 s species criterion of reproductive isolation 
in effect applies to most of the animals inhabiting the islands 
situated on the Sunda Shelf and Lesser Sunda Islands. Many 
of these disjunct populations have been subjected to complete 
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isolation, reproductive and geographic , since eustatic sea 
level rise at the end of the last glaciation approximately 
8000 years ago, although some insular populations may have 
been isolated for many thousands of years prior to this (see 
chapter 7). · This relatively short period of isolation is 
showing signs of speciation evidenced by · differences in 
pelage colouration and morphology. The insular forms are not 
to be regarded as full species, however, as interbreeding 
with other populations would in all likelihood occur because 
of overall morphological similarity. 
Described Subspecies of M.fascicularis 
and M. n·emestrina. 
Macaca _fascicularis, the long-tailed or crab-eating 
macaque, is the most southerly macaque species. From Map 1 
it is evident that this species inhabits a large geographic 
area of South-East Asia including Indo-China, Thailand, 
Malaya, Sumatra, Java, Borneo, the Philippines, the Lesser 
Sunda Islands and a number of islands between and around them. 
The long:tailed macaque does not range further east than the 
Philippines, Borneo and Timor due to Pleistocene geography-
discussed in Chapter 7. 
Compared with the long-tailed macaque, M.nemestrina 
is more restricted in distribution being found from Assam 
(Continental Asia), through South Burma and Western Thailand 
to the whole of the Malay Peninsula. It also inhabits the 
Greater Sunda Is. of Sumatra and Borneo ; it is not known from 
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any of the intervening islands except Batam I . (Riau 
Archipelago), and Bangka I.; it also occurs in the Mentawai 
Is . (unless the so called M.n.pagensis is specifically 
distinct), but on no other of the East Sumatran group 
(Hill 1974:678). 
Macaque Names Available for the Malaysian 
Subregion: 
Macaca fascicularis 
Available Name 
agnatus 
alacer 
argentimembris 
atriceps 
aygula 
baweanus 
bintangensis 
capitalis 
carimatae 
condorensis 
cupida 
dollmani 
fascicularis 
impudens 
karimondjawae 
Authority 
Elliot, 1910 
Elliot, 1910 
Kloss, 1911 
Kloss, 1919 
Type Locality 
Tuangku I. Banjak Is. 
Kundur I. Riau Archip. 
Penango E. Coast Malay Pen . 
K. Kramo S.E. Thailand. 
Linnaeus, 1758 Java. 
Elliot, 1910 P. Bawean. 
Elliot, 1909 Bintang I. Riau Archip. 
Elliot, 1910 Trang. Pen. Thailand. 
Elliot, 1910 Telok Pai. Karimata Is. 
Kloss, 1926 P. Condore. 
Elliot, 1910 Mata Siri I. 
Elliot , 1909 Changi, Singapore. 
Raffles , 1 821 Bengkulu , Sumatra. 
Elliot , 1910 Sugi I ., Riau Archip. 
Sody , 1949 Karimunjawa Is. 
karimoni 
laeta 
lasiae 
lautensis 
lapsus 
lirnitis 
lingae 
lingungensis 
mandibular is 
mansalaris 
mordax 
phaeura 
pumila 
resima 
sirhassenensis 
sublimitus 
submordax 
tua 
Elliot, 1909 
Elliot, 1909 
Lyon, 1916 
Elliot, 1910 
Elliot, 1910 
Schwarz, 1913 
Elliot, 1910 
Elliot, 1910 
Elliot, 1910 
Lyon, 1916 
Thomas & 
Karirnon I. 
P. Tinggi. 
Lasia I. 
viii 
P. Laut, Nth. Natuna Is. 
Tanjong Pamuja, Bangka I. 
Timar. 
Lingga I. Riau Archip. 
Lingung I. Nth. Natuna Is. 
Sungei Sama, Borneo. 
Mansalar I. West Sumatra. 
Wroughton, 1909 Tjilatjap, West Java. 
Miller, 1903 Nias I. 
Miller, 1900 P. Bunoa, Tambelan Is. 
Thomas & 
Wroughton, 1909 Tasikmalaja, West Java. 
Elliot, 1910 Sirhassen I. Sth. Natuna I s. 
Sody, 1932 Sumba I. 
Sody, 1949 Bali. 
Kellogg, 1944 P. 1Mara Tua, E. coas t Borneo 
A number of names have been proposed for forms of 
M. fascicularis outside the Malaysian area (Ellerman· & 
Morrison-Scott 1951: 196-7); they wil l not be considered here 
·except for the purposes of possible comparison. 
* On the authority of Thomas and Wroughton ( 1 909) the 
name Sirnia aygula Linnaeus, 17 58, has for many year s been 
I , , , 
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considered to be a Javan Leaf Monkey, antedating Presbytis 
mitrata Eschscholtz, 1821 (type species of the genus Presbytis 
Eschscholtz, 1821 ). Linnaeus'diagnosis and description is, 
however, incompatible with its interpretation as a Javan 
Leaf Monkey, and according to Napier & Groves (in Press -
Bull. Zool. Nomen.) it is quite clearly a Crab-eating or 
Long-tailed Macaque, as Buffon indeed opined as early as 1766. 
Macaca nemestrina 
Available Name 
broca 
carpolegus 
nemestrina 
nucifera 
mentaveensis 
pagensis 
Authority 
Miller, 1906 
Raffles, 1821 
Linnaeus, 1766 
Sody, 1936 
de Beaux, 1923 
Miller, 1903 
Type Locality 
Sapagaya River, 
N.E. Borneo. 
Bengkulu, Sumatra. 
Sumatra. 
Bangka I. 
Mentawai Is. 
Sth. Pagi I. 
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Chapter 1 
Materials and Methods 
Skin and skull data for this thesis were obtained by 
the author, from the Zoological references collections at 
Lembaga Biologi National (Bogor, Java) and the University 
of Singapore. 
All available specimens were examined, but in a number 
of instances (see chapter 2) skins were unsuitable for 
comparative work due to advanced decomposition, the result 
of poor storage. This latter problem was restricted to the 
Singapore material. 
Although data were gathered from both collections, 
the samples were too small for anything but tentative taxonomic 
conclusions. 
The author was unable to visit the primate collecti ons 
in European and North American museums due to financial and 
time constraints. These collections contain the majority of 
the type specimens. 
Atlditional data were obtained from the British Mu seum 
(Natural History) by Dr.C.P. Groves (see below); and so me 
comparisons were made on the basis of dBscriptions a n d 
measurements appearing in the lit e rature. 
The task of skin examinati on a nd c omparison was 
performed by completing a standard description sheet (appendix 
1) for each specimen. Colour determination and co mpar i son 
was subjective, but was done with confidence a s a ll specimens 
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were examined according to their geographic grouping, thus 
allowing for representative colour comparisons to be made 
between specimens from different geographic areas. Both male 
and female skins were examined as there does not appear to 
be any colour sexual dimorphism in either of the macaque 
species. No colour standard was available in time for field 
work use. 
Skin measurements for head and body length and tail 
length were obtained from labels attached to each skin. The 
labels record the various sizes (e.g. ear length, head and 
body length, tail length and hind foot length) taken by the 
collector when the animals were killed. Location details were 
also registered on the labels. -
Skull specimens were measured in accordance with the 
variables listed in Appendix 2. Some of these variables are 
those identified by other researchers, e.g. Fooden (1969), 
and others were chosen by the · author following visual survey 
of craniofacial differences among the specimens. Subsequently, 
some of the skull variables were found to be taxonomically 
unsuitable with poor bivariate correlations. 
Al~ skull and dental measurements were taken using 
standard metric calipers, and recorded to the nearest integer. 
Cranial measurements represent th~ bulk of metric data 
used in this thesis. These were restricted to the followin g 
measurements defined below (fig. 1): 
(1) Rostral Length - distance from infradentale 
superius to suture at inferior point on either orbital margin. 
(2) Skull Length - distance from most anterior point 
of maxilla, infradentale superius, to opisthocranion. 
3 
(3) Biorbital Breadth - distance between most lateral 
points of supraorbital torus. 
(4) Bizygomatic Breadth - distance between most 
lateral points on zygomatic arches. 
(5) Bimalar Breadth - distance between most lateral 
points on margin of malar bones. 
(6) Basal Length - distance from most anterior point 
of foramen magnum (basion) to infradentale superius. 
(7) Braincase Breadth - distance between most lateral 
points of braincase. 
(8) Biauricular Breadth - distance from porion to 
porion. 
3 
(9) Facial Height - measured from alveolare of M to 
suture at inferior point of orbitale. 
(10) Ascending Ramus Length - distance from gonion 
to sigmoid notch. 
(11) Mandible Length - maximum distance from 
infradentale to condyle of ascending ramus. 
Due to time limitations, cranial data are restricted 
to adult male specimens. These comprise the greater portion 
of both collections; and data appearing in the literatur e 
are generally confined to adult male specimens. The measure-
ments taken satisfy the following criteria: 
(1) describe previously defined morphological 
differences in macaque skulls; 
(2) characterise the various functional regions of 
the skull including the braincase and face; and 
(3) characterise the general size- and shape of 
4 
the skull including height and breadth dimensions. 
All dental data were based on alveolar measurements 
and include those features found useful by other researchers, 
e.g. Fooden,1969. The following measurements were found to 
be taxonomically useful by the author: 
3 3 
a) upper toothrow length (P 
- M ) 
b) breadth of first upper molar (Mi) 
2 
c) breadth of second upper molar (M ) 
3 d) breadth of third upper molar (M ) 
1 - 2 
e) breadth of upper two incisors ( I . ) 
1 - 1 
f) upper bicanine breadth (C ) 
Dental measurements were also restricted to adult male 
specimens for reasons expressed above for cranial data. 
Length measurements, except for length of complete toothrow, 
were not made because they are generally disregarded by 
Primatologists as useful for taxonomic distinction, and 
decrease with age due to contact attrition. 
m 
• 
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Fig . 1 Skull Features Measured . 
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Macaca sp. 
(After Albrecht,G.H. 1978) 
Specimens Examined 
The following specimens were examined by the author 
at Bogor and Singapore. 
M.fascicularis 
Catalogue 
Registration 
Number & 
Location 
Pen. Burma 
Tamarat 
512 
7592 
Tenasserim 
729/16 
730/16 
731/16 
732/16 
Pen. Thailand 
Chuporn 
2564 
Chirbi 
208 
Trang 
26/16 
Table 1 
Latitude & 
Longitude 
(Approx) 
12°18 'N ,98°42 'E 
II 
II 
II 
10°30 'N,99°00'E 
8°04 'N,98°3 0 'E 
7 ° 2 0 ·t N ' 9 9 ° 2 8 I E 
Skin 
Specimen 
(Both sexes, 
Adult) 
I 
I 
I 
I 
I 
I 
I 
Skull 
Specimen 
(Male, 
Adult) 
I 
I 
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Table 1 cont. 
Catalogue 
Registration 
Number & 
Location 
Pen. Malaya 
Sembilan 
6204 
7595 
7596 
7615 
7616 
Selangor 
548/12 
549/12 
2595/10 
Pahang 
110/14 
111/14 
Perak 
7618 
8062 
Malacca 
2567/10 
Sumatra 
Aceh 
6480 
6481 
Latitude & 
Longitude 
(Approx) 
2° 4 0 'N, 102° 00 'E 
II 
II 
II 
II 
3°30'N,101°30'E 
II 
II 
4°00'N,103°00'E 
II 
5°00'N,101°00 1 E 
II 
2°07 1 N,102°09 1 E 
5° 07 1 N,95° 10 1 E 
II 
Skin 
Specimen 
(Both sexes, 
Adult) 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
Skull 
Specimen 
(Male, 
Adult) 
I 
I 
I 
I 
I 
I 
I 
I 
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Table 1 cont. 
Catalogue 
Registration 
Number & 
Location 
Bengkulu 
6477 
6478 
6479 
Java 
Mt. Slarnat 
574 
Purwakarta 
6484 
Indrarnayu 
2939 
2960 
2961 
2962 
Tasikmalaya 
1604 
1605 
1606 
1607 
1608 
1609 
1610 
Bandung 
957 
Latitude & 
Longitude 
(Approx) 
3°29 'S,102°10 'E 
II 
II 
7°00 1 S,109°00'E 
7 °1 8 I s , 1 0 8 ° 4 2 I E 
6 °1 2 I s , 1 0 7 ° 4 8 I E 
II 
II 
II 
7°'24 1 S,107°42 1 E 
II 
II 
II 
II 
II 
II 
6°54 'S,107°40 'E 
Skin 
Specimen 
(Both sexes, 
Adult) 
I 
I 
I 
I 
I 
I 
/ 
I 
I 
I 
I 
I 
I 
I -
I 
I 
I 
Skull 
Specimen 
(Males, 
Adult) 
I 
I 
I 
I 
I 
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Table 1 cont. 
Catalogue 
Registration 
Number & 
Location 
Java cont. 
Wynkoops Bay 
206/20 
Bogar 
1884 
2052 
3189 
Bantam 
6382 
6482 
6483 
6485 
Borneo 
(Kalimantan) 
Sampit 
6515 
6516 
6517 
Riam District 
6518 
Landak 
6519 
6520 
Latitude & 
Longitude 
(Approx) 
7°00'S,106°00'E 
6°18 'S,106°54 'E 
II 
II 
Skin 
Specimen 
(Both sexes, 
Adult) 
,/ 
,/ 
,/ 
,/ 
6 ° 42 's' 1 06 °06 IE 
II ,/ 
II ,/ 
II ,/ 
2 °1 8 1 S , 1 1 2 o 5. 4 11 E ,/ 
11 ,/ 
II ,/ 
1°30 'S,111°32 'E 
1°12 'N,109°27 'E ,/ 
II ,/ 
Skull 
Specimen 
(Males, 
Adult) 
,/ 
,/ 
,/ 
,/ 
,/ 
,/ 
,/ 
,/ 
,/ 
,/ 
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Table 1 cont. 
Catalogue 
Registration 
Number & 
Location 
Borneo cont. 
Kambangjanggut 
8130 
Bulungan 
6513 
6514 
Borneo 
(Sabah) 
Mt. Kinabalu 
3647 
3653 
4175 
Sandakan 
3258 
Borneo 
(Sarawak ) 
Saribas 
326 
Banguey Is. 
(off N. Borneo) 
3394 
3395 
3413 
Latitude & 
Longitude 
(Approx) 
0°27 1 N,115°12'E 
3°00 1 N,116°00'E 
II 
6°00 1 N,116°20 1 E 
II 
II 
5°30'N,118°04'E 
1°18 1 N,111°09'E 
7°J0 1 N,117°00'E 
II 
II 
Skin 
Specimen 
(Both sexes, 
Adult) 
I 
I 
I 
I 
I 
I 
I 
I 
1 -
I 
I 
Skull 
Specimen 
(Males, 
Adult) 
I 
I 
I 
I 
I 
I 
1 0 
•rtt--------------- ----- ---------- -------- - ~ 
Table 1 cont. 
Catalogue 
Registration 
Number & 
Location 
Riau Archipelago 
P. Durian 
241 
242 
P. Bulan 
7614 
7618 
7619 
7620 
7621 
P. Nguwal 
7605 
Latitude & 
Longitude 
(Approx) 
0°45'N,103°24'E 
" 
1 o O O 'N, 103° 30 'E 
" 
" 
II 
II 
Skin 
Specimen 
(Both sexes, 
Adult) 
I 
I 
_(juvenile) 
I 
I 
I 
I 
I 
I 
P. Galang 
7622 0° 45'N,103° 54' E I 
I 7623 
P. Bintang 
2786 
2787 
P. Mapor 
418/15 
Is. off West Coast 
Peninsula Malaya 
Penang Island 
1414/11 
1416/11 
II 
1°00'N,104°00'E 
" 
o0 36' N, 105° 00' E 
6 o O O ' N , 9 9 o 5 41 E 
II 
I 
I 
/ -
I 
I 
Skull 
Sp ecimen 
(M ales , 
Adult) 
I 
I 
I 
I 
I 
I 
1 1 
~ 
Table 1 cont. 
Catalogue 
Registration 
Number & 
Location 
Penang I.cont. 
1417/11 
1418/11 
1419/11 
1420/11 
P. Pintu 
548/13 
549/13 
De Lisle I . 
341/19 
K. Pipidon 
175/19 
196/19 
P. Telibum 
527/17 
P . Panjang Awak 
448 
Latitude & 
Longitude 
(Approx) 
6°00'N,99°54'E 
II 
II 
II 
Skin 
Specimen 
(Both sexes, 
Adult) 
I 
I 
I 
I 
2°33'N,101°09'E I 
II I 
9 ° 5 4 I ' N 9 8 ° 2 4. I E I 
8°12 1 N,98°30'E I 
II I 
6°36'N,99°30'E I 
8°12'N,98°54'E I 
Is. off East Coast 
Peninsula Malaya 
Gt. Redang I • 
2071/10 5°54'N,102°00'E I 
P. Siantan 
(Anambas Is.) 
2585 J0 12'N,106°00'E I 
2712 II I 
Skull 
Specimen 
(Males, 
Adult) 
I 
I 
I 
I 
I 
I 
I 
1 2 
Table 1 cont. 
Catalogue 
Registration 
Number & 
Location 
Is. off East Coast 
Peninsula Malaya 
P. Bunguran 
(Nth. Natuna Is.) 
596 
654 
P. Sirhassen 
(Sth. Natuna Is.) 
6069 
6071 
6073 
P. Tinggi 
413/15 
P. Tioman 
501 
South China Sea 
Is. 
P. Condore 
35/20 
298/20 
300/20 
K. Kram 
2567 
P . Karimata 
2915 
Latitude & 
Longitude 
(Approx) 
4°00 1 N,108°00'E 
II 
2°36 1 N,108°54'E 
II 
II 
2 °3 0 'N, 104 o O O 'E 
2°48'N,104°00'E 
8°42.1 N,106°00 1 E 
II 
II 
Skin 
Specimen 
(Both sexes, 
Adult) 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
11°54·1 N,102°30 1 E 
2°30 1 S,109°30 'E I 
Skull 
Specimen 
(Males, 
Adult) 
I 
I 
I 
I 
I 
I 
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Table 1 cont. 
Catalogue 
Registration 
Number & 
Location 
Karimunjawa 
1454 
1455 
1456 
1457 
1458 
2717 
2718 
2719 
Bawean I . 
1841 
1842 
1843 
1844 
1845 
1846 
Bali I . -
6522 
6523 
I. 
Nusatenggara 
(Lesser Sundas) 
Sumbawa 
6529 
6530 
6531 
Latitude & 
Longitude 
(Approx) 
6°30 1 S,110°00'E 
11 
II 
II 
II 
II 
II 
II 
6°30 'S,112°30 'E 
11 
11 
II 
II 
II 
8°06 'S:-8°54 1 S/ 
11 4 o O O ' E ~ 11 5 °3 0 ' E 
11 
8 °1 2 I s ~ 9 °1 2 I s I 
1 1 6 °1 8 ' E ~ 1 1 9 o O O ' E 
II 
II 
Skin 
Specimen 
(Both sexes, 
Adult) 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
/ 
I 
I 
I 
I 
/ -
I 
I 
I 
1 4 
Skull 
Specimen 
(Male, 
Adult) 
I 
I 
I 
I 
I 
I 
I 
II 
I 
I 
I, 
I 
Table 1 cont. 
Catalogue 
Registration 
Number & 
Location 
Nusatenggara 
(Lesser Sundas) 
cont. 
Sumba 
865 
866 
867 
868 
869 
6526 
6527 
Flores 
2384 
2385 
2387 
2388 
Timar 
6524 
6525 
Latitude & 
Longitude 
(Approx) 
9°30 1 s-10°12 1 S/ 
118°48'E-121°00'E 
II 
II 
II 
II 
II 
II 
8°18 1 S-9°00'§/ 
119°36'E-122 48'E 
II 
II 
II 
8°06 1 S-10°12 'S/ 
122°12'E-12t 0 30 1 E 
.. 
II 
Skin 
Specimen 
(Both sexes, 
Adult) 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 5 
Skull 
Specimen 
(Male, 
Adult) 
I 
I 
M.nemestrina 
Catalogue 
Registration 
Number & 
Location 
Pen. Thailand 
Trang 
1215/10 
Pen. Malaya 
Selangor 
2201/08 
3109 
6203 
Klang 
2592/10 
Sumatra 
Pasi (Aceh) 
6503 
Lampung district 
6493 
Bengkulu 
6490 
6491 
6492 
6495 
6502 
Tebingtingi 
3294 
Latitude & 
Longitude 
(Approx) 
7°20'N,99°28 1 E 
3°30'N,101°30'E 
I! 
I! 
3°00 1 N,101°16 1 E 
5°07'N,95°10 1 E 
5°00'S,105°00'E 
3°29'S,102°10'E 
I! 
I! 
II 
II 
3°1 2 1 S ,10 2°00 1 E 
Skin 
Specimen 
(Both sexes, 
Adult) 
,/ 
,/ 
,/ 
,/ 
,/ 
I 
,/ 
,/ 
,/ 
,/ 
Skull 
Specimen 
(Male, 
Adult) 
,/ 
,/ 
,/ 
,/ 
,/ 
,/ 
,/ 
,/ 
,/ 
,/ 
16 
'I 
·1 
Table 1 cont. 
Catalogue 
Registration 
Number & 
Location 
Sumatra cont. 
Palembang 
6486 
6487 
6488 
6489 
6497 
6498 
6504 
unlocalised 
Borneo 
East Kalimantan 
8129 
Peleben 
6532 
6533 
Sandakan 
-
3267 
3276 
w. Coast Sumatra 
South Pagi I. 
2952 
E. Coast Sumatra 
Bangka I . 
6501 
Latitude & 
Longitude 
(Approx) 
3°s,104°E 
II 
II 
II 
II 
II 
II 
2°271 N,117°091 E 
II 
5 o 3 01 N, 11 8 o O 4' E 
II 
3°00 1 s,100°1z 1 E 
1°18 1 -2°24,3/ 
105°12 1 -106°00'E 
Skin 
Specimen 
(Both sexes, 
Adult) 
,/ 
,/ 
,/ 
,/ 
,/ 
,/ 
,/ 
,/ 
,/ 
,/ 
,/ 
,/ 
Skull 
Specimen 
(Male, 
Adult) 
,/ 
,/ 
,/ 
,/ 
,/ 
,/ 
,/ 
,/ 
,/ 
1 7 
J· 
Table 1 cont. 
Additional skull data were provided for the author 
by Dr. C.P.Groves. The data consist of skull length and 
bizygomatic breadth measurements for specimens from the 
following localities: 
M.fa.scicularis 
Catalogue Registration 
Number & Location 
Pen. Thailand 
Tenasserim 
14.12.8.15 
Pen. Malaya 
Pahang 
55.1514 
Selangor 
55.1516 
Borneo 
Belaga (Sarawak) 
51 . 69 
Saribas 
55.711 
E. Coast Pen. Malaya 
P . Tinggi 
55 .1527 
P . Tioman 
55.1524 
Latitude & longitude (Approx) 
4°00 1 N,103°00'E 
1 8 
Table 1 cont. 
Catalogue Registration 
Number & Location 
W. Coast Pen. Malaya 
Penang Island 
55.1521 
South China Sea 
P. Condore 
39.893 
M.nemestrina 
Pen. Malaya 
Perak 
55.1501 
Pahang 
55.1502 
Selangor 
55.1503 
Sumatra-
Palembang 
1938.11.30 
Borneo 
Saribas (Sarawak) 
55.707 
1 9 
Latitude & Longitude (Approx) 
6°00'N,99°54 1 E 
3°30 'N,101°30 'E 
3°00'S,10!+ 0 00'E 
1 °1 8 IN, 111 °o 9 IE 
Statistical Methods: 
The statistical methodology applied to analysis of 
cranial data in this thesis was restricted to 
. arithmetic mean 
. standard -deviation 
, correlation and regression and 
. "F" tests. 
The arithmetic mean was chosen as the standard 
statistical method because it is a good, and by far the 
most common, measure of central tendency. Most zoological 
variates are so distributed as to be more frequent near 
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one value and to become less and less frequent in departing 
from that value in either direction. Clearly then, the 
most important things to observe and to measure in this 
thesis are (1) the point around which the observations 
tend to cluster; and (2) the extent to which they are 
concentrated around this point. 
The sample mean was obtained by adding together 
all the observed values for a given value, in a chosen 
group of specimens, and dividing by the number of 
observations. The following formula was used: 
X = 
N 
Where X = the arithmetic mean. 
E indicates that all the data represented by 
the symbol following it are to be adde d together . 
X = any given value of the variate. 
N = the number of observations mad e . 
Where 
Standard deviation according to the formula: 
2 
2 (rfx) 
LfX 
2 
s = N 
N-I 
f = frequency of a given sample, 
X = value of the variate of that sample, 
N = total number of observations, 
2 
s = variance 
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was used as a measure of dispersion and variability in order 
to ascertain the degree by which a group of observations 
extend on each side of the mean. The square root of the 
sample variance is the standard deviation of the sample, 
symbolised by S. 
Correlation and regression. 
The possibility that two variates may be related so 
that one tends to vary in such a way as to maintain a fairly 
constant relationship to the value of the other was the reason 
for employing correlation and regression statistics. The two 
facets of the problem of relationship - the intensity and 
the form - were examined. Intensity in this case refers to 
the correlation between variables, while expression of the 
form of this relation is the regression of one variable on 
another. 
The formula for coefficients of regression was -
byx = 
bxy = 
1:(X-X) (Y-Y) 
L(X-X) 2 
r(X-X)(Y-Y) 
r(Y-Y) 
22 
ay - y byxX 
ax= X bxyY 
Where byx = slope of regression of y on x. 
bxy = slope of regression of X on Y. 
X = mean of the X variable. 
y = mean of the y variable. 
ay = y intercept. 
ax = X intercept. 
Correlation coefficient (r) was calculated by 
r=/(byx) (bxy) 
F-Tests were used to compare the variances of two 
samples to see whether they are or are not different, and wh a t 
the degree of difference is. The purpose of this comparison 
then was to judge from the sample difference whether the 
samples were or were not drawn from populations with simi l a r 
parameters of dispersion, i.e. biologically comparable. 
The formula used was: 
01 2 
F = --
where 01 2 = variance of first sample 
0 2
2 
= variance of second sample 
Th e degrees of freedom of both samples ar e treated 
separately in this calculation. 
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Log ratio diagrams were used as an aid for comparing 
a sample mean size for a given variable against a standard, 
thus showing any "shape" differences (parallels or 
divergences) between the two groups. 
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Chapter 2 
Colour Variation 
Examination of Table 1 (pp 6 ff) shows that pelage 
specimens were available for examination from the following 
localities: 
M.fascicularis 
Number of 
Specimens 
4 
1 
1 
1 
5 
3 
2 
2 
2 
3 
1 
Locality 
Pen. Burma 
Tenasserim 
Pen. Thailand 
Chuporn ~~ 
Chirbi 
Trang 
* 
Pen. Malaya 
Sembilan 
Selangor 
Pahang 
Perak 
Sumatra 
Aceh 
Bengkulu 
Java 
Mt. Slamat 
* These specimens were found to be too poor in quality for 
useful colour comparison; head and body size data were, 
however, recorded. 
Number of 
Specimens 
1 
4 
7 
1 
1 
3 
4 
3 
2 
1 
2 
3 
1 
1 
3 
2 
5 
1 
2 
2 
Locality 
Java cont. 
Purwakarta 
Indramayu 
Tasikmalaya 
Bandung 
Wynkoops Bay 
Bogor 
Bantam 
Borneo (Kalimantan) 
Sampit 
Landak 
Kambangjanggut 
Bulungan 
Borneo (Sabah) 
Mt. Kinabalu 
Sandakan 
Borneo (Sarawak) 
Saribas 
Banguey Is. 
(off North Borneo) 
Riau Archipelago_ 
P. Durian 
P. Bulan 
P. Nguwal 
P. Galang 
P. Bintang 
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Number of 
Specimens 
1 
6 
2 
1 
2 
1 
1 
1 
2 
2 
3 
1 
1 
3 
1 
1 
8 
6 
2 
3 
7 
4 
2 
Locality 
Riau Archipelago 
P. Mapor 
Is.off W. Coast Pen. Malaya 
Penang I. 
P. Pintu 
De Lisle Island 
K. Pipidon 
P. Telibum 
P. Panjang Awak 
Is. off E. Coast Pen. Malaya 
Gt. Redang I. 
P. Siantan (Anambas Is.) 
P. Bunguran (Nth. Natuna Is.) 
P. Sirhassen (Sth. Natuna Is) 
P. Tinggi 
P. Tioman 
South China Sea Islands 
P. Condore 
K. Kram 
P. Karimata 
Karimunjawa Island 
Bawean Island 
Bali Island 
Nusatenggara (Lesser Sundas) 
Sumbawa 
Sumba 
Flores 
Timar 
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M. nemestrina 
Number of 
Specimens 
3 
1 
5 
1 
5 
1 
1 
2 
2 
1 
Locality 
Pen. Malaya 
Selangor 
Sumatra 
Lampung district 
Bengkulu 
1Te bing.tingi 
Palembang 
unlocalised 
Borneo 
East Kalimantan 
Peleben 
Sandakan 
West Coast Sumatra 
South Pagi Island 
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Colour variation with age is negligible i n either 
species-as is , it will be recalled, colour variation be twee n 
the sexes. 
Macaca fascicularis 
Mainland: Considerable colour variation ex i st s over the Malay 
Peninsula (Map 2). This view is support ed by Chasen (1940: 
128) who states that it is "extremely var_iable in colour. o • • • • 
with much variation with ag e", but h is b road application of 
th e on e subspecies fascicularis to th e ge og r aphical area 
described above is i na ccura t e accor d in g t o Sody (1949). 
Sp e ci me ns from Selangor ( Pen . Malaya) are generally 
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Map 2 SpecimAns of M.fascicularis from the Malay Penins ula, 
Strait of Malacca, and So uth China Se a Is . 
Pen. 
Tenasser· 
729/16 
730/16 
731/16 
732/16 
100° 105° 
I L 
• Chuporn 
100 1 I De Lis e • () 
341/19 
. l?. P. Condore ~ ... · 
P.Panjan r:: Awal. 
Chirbi 0 K.Pipidon 
L 
175/19 
P.Telibum 
527/17 
Penang I. \cO 
1416/11 1 
1418/11 
1419/11 
1420/11 
\.Gt. Re dang Is. 
~ 2071/10 
Bunguran I. 
P.Tiornan (Nt~.Na tuna) 
Kuala 
Pahang* 10/14;P.Siantan :f'\596 
~~ S 1 ( An am b atP I s ) w ;;J L _ " e angor ~ , . 
umpur · • 548 12 1> ~ 2585 ~·: S1rha~sen I. 
Malac§!mbila * 549/ 2 t='- 27\~... •O 607 J 
• - ~ \l.. • • 6071 
7615 2595/1 P.Tinggi 6069 
7616 Ji.Bin tang (Sth.Natuna) 7596 0 
6204 P B 1 C::. 2787 
761 ~ an oi !> P. Map or 
7618 ~~ . 418/1 5 
7619 .P.Durian ~P.Galang 
7620 21~ 1 
7621 242 
1 J 
0 130 260 390 Km 
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more brown on the back than Sembilan animals (photo 1); in 
the latter, specimens numbered 7596 and 6204 are very 
different in colour from others at that locality, being 
rather homogeneous lighter brown on the crown, neck, across 
the shoulders and lumbar/sacral region, diffusing to a 
grey-cream laterally and on the hind quarters from a line 
parallel to the root of the tail; the arms and legs of both 
specimens are also considerably lighter than other Sembilan 
(and Selangor) specimens. 
Specimen No. 7616 from Sembilan also differs from 
other specimens; it has a pronounced dark brown dorsal stripe 
and is cream-grey on the sides and venter. Specimen No. 8062 
from Perak (Nth. West of Selangor) is generally not too 
dissimilar from Selangor and is dark brown to blackish on 
the back. Pahang specimen No. 110/14, from East Coast Peninsula 
Malaya, on the other hand is clearly different in colour 
from other mainland specimens being more cream on the side 
of the thorax and grey laterally. The dorsal stripe is 
blackish-brown and tapers distally towards the sacral region 
where it diffuses to grey. 
-Specimens from Pen. Burma/Thailand (referred to as 
capitalis) are lighter in colour (with less variability), 
different enough from Pen. Malaya (supposedly fascicularis) 
to suggest the presence of two taxa. However, no skins were 
examined from between Tenasserim in the north and Perak in 
c\,na\ 
the south, thus clinical gradation cannot be discounted; 
in fact a cline appears to be present over the length of the 
Malay Peninsula, and is supported by head and body, tail and 
• 
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skull data (chapters 3 & 4). 
Sumatra: Five pelage specimens were examined from Sumatra 
(Map J). The specimens from Bengkulu (Sth. West Sumatra; 
topotypes of fascicularis Raffles) are generally black-
reddish-brown on the back diffusing to reddish-brown laterally; 
those from Aceh (Nth. West Sumatra), on the other hand are 
generally darker and show a lesser degree of reddish-brown on 
the back. Although Sody (1949:130), after examining these 
specimens, feels little doubt the Aceh specimens belong to a 
different race (on the basis of colour),this study suggests 
the degree of difference between Aceh specimen~ Nos. 6480 
and 6481, and those from Bengkulu is insufficient to warrant 
separation on this basis alone; further, specimen No. 6477 
from Bengkulu is not too dissimilar from the Aceh specimen~, 
and Aceh specimen No. 6480 could comfortably be grouped with 
Bengkulu specimen No. 6479. The specimens are, however, 
considerably different from those of Borneo and Java, and 
markedly so from Pen. Malaya. They differ from those from 
Malaya in being much darker both dorsally and laterally. 
Overall, skins from Sumatra clearly indicate that the 
subspecies fascicularis does not inhabit both Sumatra and 
Pen. Malaya. The type locality for fascicularis is Bengkulu 
(Sumatra). The Pen. Malaya specimens should, as noted below, 
be placed in a separate subspecies, bintangensis (type 
locality Pulau Bintang, Riau Archipelago); capitalis (Elliot 
1910) is a junior subjectiv e synonym of bintangensis, (Elliot 
1909). This is supported by morphological measurements 
(chapters 3 & 4). 
h 
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Map 3 Specimens of M.fascicularis from Sumatra. 
6480 
6481 
(Mentawai Is.) 
0 130 260 390 Km 
j I 
Borneo: Sixteen specimens were examined from Borneo: four 
from Sabah (Nth. Borneo), three from the Banguey Is. (off 
Nth. Borneo), and nine from Kalimantan (Map 4). 
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Specimens from Sabah and Banguey Is. differ 
significantly in colour from those from Malaya; Sabah skins 
in particular have a very black dorsal surface (considerably 
darker than Malay specimens), which diffuses to a dark black-
grey on the outer side of the arms and legs (photo 2). 
The Sabah and Banguey specimens also differ 
significantly from those from the rest of Borneo; however, the 
paucity of reference specimens does not allow for determination 
of the demarcation between t~e two putative races and fuFther, 
whether intergradation occurs. 
The Kalimantan specimens are generally dark brown on 
the back with a contrasting broad dark dorsal stripe; across 
the shoulders they are generally dark blackish-brown diffusing 
gradually to a cream-grey on the sides. One specimen (No. 8130 
- photo 3), from Kambangdjanggut and two from Bulungan (Nos. 
6513& 6514) are exceptions, however, in lacking a distinct 
dorsal stripe, further, the Bulungan specimens closely resemble 
-
those from Sabah to the north. They differ from those from 
Sumatra and Malaya in being much more brown than those from 
the former, and lighter, cream-grey laterally, than those 
from the latter. The distinction in colour between the Sabah 
(including Banguey Is.) specimens, and those from Kalimantan, 
and the latter and those from Sumatra and Malaya, appears to 
be sufficiently great to retain the separation of the 
Kalimantan race for which the name mandibularis (Elliot,1910) 
P. Karimata~ 
50S -
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Map 4 Sp e cim e ns o f M.fascicu l ar is from Borneo . 
Sabah 
1t-M t. 
Banguey Is . 
3413 
3395 
33 94 
·• Sandakan 
Kinaba l u 
3647 
4175 
325 8 
Sarawak 
~-Bulungan 
6513 
6514 
\alimantan 
Province 
' ambangdja 
8130 
1Jo0 
_p __ 1 ......... f_o __ 2-1..T c_) _ 3....J,  o Km 
is available. The data, if limited, also suggest there is 
enough difference between the Sabah (including the Banguey 
Is.) specimens and those from Sumatra and Malaya (and the 
Riau Archipelago: see below), to warrant taxonomic 
separation; no name is available for either the Sabah or 
the Banguey Is. populations. 
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Java: To the south and south-east of Borneo lie the islands 
of Java, Bali, Lombok, Sumbawa, Sumba, Flores, Timor and a 
number of smaller islands around them. 
Six subspecies of M.fascicularis have been described 
from these islands: mordax Thomas & Wroughton, 1909, on Java; 
karimondjawae Sody,1949, on P. Karimunjawa; baweanus (Elliot, 
1910) on P. Bawean; submordax Sody, 1949, on Bali; sublimitus 
Sody, 1932, on Sumba, Sumbawa and Flores; and limitis (Schwarz, 
1913) on Timor (Map 5). 
Twenty-one skins were examined from Java: nineteen 
from West Java and two from Central Java; no skins were 
examined from East Java. 
In colour, Central Java specimen No 574, from Mt. 
Slamat ~ is generally uniform dark brown (blackish) on the 
back, shoulders, neck and crown; it is lighter in colour 
than the other Central Java specimen No. 6484, from Purwakarta, 
which has darker arms and legs. Specimens from Tasikmalaya 
West Java) are generally similar in colour to that from 
Purwakarta, but one specimen (No. 1606) is closer to the 
Mt. Slamat skin being lighter both dorsally and laterally. 
Specimens from Indramayu are generally brown with a 
00 -
50 -
0 10 ~ -
Map 5 Specimens of M.fascicularis from Java 
Pp Karimunjawa., and Bawean. 
Wynk-oqps Bay 
206/20 . 
1 
1606 
1608 
161 0 
0 
J 
1 30 
1 
1455 
1456 
P K . . 1457 
. arimu~,iawa 1458 ~ 2717 
2718 
260 390 Km 
I J 
P.Bawean 
(J 1841 
1842 
1843 
1844 
1845 
1846 
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d 
contrastingly darker brown (blackish) dorsal stripe; the 
colour of the shoulders, neck and crown is dark brown. 
Skins from Bogor, located to the west of Indramayu, 
36 
are much darker dorsally and laterally than the latter 
specimens, and can comfortably be assimilated with the Central 
Java (Purwakarta) specimens. They are usually a uniform dark 
brown (blackish) colour on the back and sides with a cream-
grey venter. They have closer colour affinity with specimens 
from Tasikmalaya and Purwakarta than those from the inter-
vening locality of Indramayu. 
The three specimens from Bantam are generally brown 
with a dark brown dorsal stripe. They are not as dark as the 
Bogor specimens but generally darker than those from Indramayu. 
Even on the basis of this small Java sample, it is 
apparent that considerable colour variation exists over Central 
and Western Java. As a consequence, the author of this study 
cannot agree with Chasen's claim that there is a tendency 
towards (lighter) warmer colour from north to south (1940:67). 
Sody (1949:132) also notes that there is much variability 
in this subspecies, mordax, especially in the West Java 
material-he examined, some of which is the same as that 
examined here. 
Overall the specimens from Indramayu and Slamat are 
closer in colour to Bornean (Kalimantan) specimens than those 
from Sumatra; the darker specimens from Purwakarta, 
Tasikmalaya, Bogor and Bantam appear to be closer to those 
of Sumatra than Borneo. The skins are, however, sufficiently 
different overall, being lighter brown dorsally and laterally , 
d 
• 
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than those from Sumatra and Borneo (Kalimantan and Sarawak), 
for their separati~n; this is supported by size variation 
(Chapters 3 & 4). 
Java Sea Islands: To the north of Java and south of Borneo 
lie the small islands of Karimunjawa and Bawean (Map 5). 
Specimens from these islands differ from those , from Java 
and Borneo. Those from Karimunjawa (photo 4), named 
karimondjawae by Sody, 1949, are generally uniform dark 
blackish-brown on the back with a slightly darker dorsal 
stripe. The arms and legs similarly are dark brown (blackish); 
the venter is cream-brown. They differ strikingly from Javan 
skins. 
In contrast, the Bawean skins, named baweanus by 
Elliot in 1910, are much lighter in colour being :generally 
dark brown on the back mellowing laterally to a lighter 
grey-brown (photo 5). These too differ from skins from Java, 
though less than do those from Karimunjawa. 
There is very little colour variation in either 
population which without doubt constitute two different 
taxa. 
Lesser Sunda Is: Specimens from the Lesser Sunda Islands, 
to the east of the Karimunjawa and Bawean Islands, are 
distinct in colour from those from the latter two islands 
and from Java (Map 6). The Bali skins (Nos. 6522 & 6523) 
are generally grey-brown in colour with blackish concent-
rations on the crown, neck, shoulders, dorsal stripe and 
d 
Map 6 Specimens of M.fascicularis from the 
Lesser Sunda Islands. 
50 -
Lombok 
06;~2V D(;P [/1) 
6523 Sumbawa 
6529 6530 
6531 6526 
865 
867 
869 
0 130 260 390 Km 
1 l I I 
2385 
• 
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-
lumbar/sacral region; the sides diffuse to cream-grey with 
darker grey on the outer surface of the arms and legs 
(photo 6). 
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These specimens show some colour similarity with the 
Javan specimens from Mt. Slamat and Indramayu, but that from 
Mt. Slamat is darker in overall colour; Sody (1949: 133), 
assigns the name submordax to this alleged race, and claims 
its best distinguishing character from mordax of Java is in 
the colour of the forearm which in Bali is darker and more 
silvery-grey. In my opinion this difference is largely 
illusory, at least in the two specimens examined. 
The Bali specimens are generally different from those 
from Sumbawa, Sumba and Flores referred to sublimitus (se e 
below); in the latter (photo 7), the blackness on the back 
is more widespread and not restricted to the dorsal stripe 
as is the case in the submordax specimens. 
Timor specimen No. 6524, referred to limitis, differs 
only slightly from those referred to sublimitus; the 
difference from submordax is greater. 
The available, if limited, data suggest that the 
Timor specimens are sufficiently distinct from those from 
Bali to warrant continued separation of submordax and limitis 
if only provisionally. Sody (1949:133) shares this view 
stating "it is certain that limitis of Timor is a good race". 
Fourteen specimens referred to sublimitus were 
examined from Sumbawa, Sumba and Flores . The distinction 
between these specimens and those from Timor is very slight, 
not enough to warrant the retention of the available name 
sublimitus Sody, 1932; more material would be required to 
show that sublimitus should be retained as a valid race. 
There is no dramatic distinction in colour between 
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any of the specimens referred to sublimitus, and no argument 
that they belong to the same race, at least as far as colour 
is concerned. Sody postulates that this subspecies also 
inhabits the islands of Lombok and Kambing; no specimens 
from these localities were available for examination. It 
is also worth noting that Sody separated this race without 
ever seeing a specimen of pelage! - and further, his 
separation was based on Dammerman's measurements (1928: JOOf~ 
in which the latter assigned these specimens to mordax of 
Java. 
In general the pelage displays a relatively uniform 
blackish-brown dorsal surface diffusing to lighter shades 
on the sides; the venter is cream with little grey on the 
abdomen. 
The evidence suggests that the specimens referred to 
sublimitus may be sufficiently different from those referred 
to mordax and submordax to warrant separate subspecific 
status; the difference appears to be insufficient to warrant 
separation from limitis of Timar. More information is needed 
to resolve this matter. 
Riau Archipelago: Variation was also evident between Riau 
island specimens. 
Two specimens were examined from P . Durian, a female 
juvenile (No. 242) and an adult male (No. 241), (Map 2); no 
* 
see Hill W.C.O, 1974:529 
d 
h 
name is available for t his populati on, bu t P . Sugi nearby 
is the type locality for the name impudens. 
41 
It will be recalled that there does not a ppear to be 
much difference in colour between adult and juvenil e l ong -
tail (or pig-tail) macaques examined. Consequently t h e 
juvenile from Durian will be included in the present sample. 
The male Durian skin is slightly darker than the female 
juvenile, and is generally blackish-brown; this is very 
pronounced and widespread over the entire dorsal surface; the 
sides are more reddish-brown with less black. The fe ma le 
similarly has a widespread blackish-reddish-brown dorsa l 
region but is more diffuse a~teriorly. The face in bot h 
specimens is blackish mellowing to brownish temporall~r. The 
crown and neck is black in the male and more dark reddis h -
brown in the female, which could be the only character du e 
to age in this instance. 
The ventFal surface irr these specimens is generally 
orange-cream, being slightly lighter on the thorax; the 
outside of the arms and legs is black. 
The Durian skins are distinct on the basis of c olour 
from those from the nearby islands of Bulan, Galang, Bintang , 
and Mapor. Specimens from the latter islands show g o od colou r 
similarity with those of the Malay Peninsula thou gh not 
precisely duplicating it and can, on the avai l a ble evidence , 
be grouped tentatively with that population i n a common 
subspecies, for which t h e prior na me woul d be b i ntangensis 
Elliot,1 9 0 9 (antedating capital is Elliot ,1 91 0 by one year). 
Th ey are mere l y slightl y darker tha n s pe cimen s from Pen. 
Malaya ; they are , however , more brown than Durian skins. 
h 
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The author of this thesis cannot therefore support 
Chasen's conclusion that the Durian race is the same as that 
on the other·Riau Is. (1940:66). The author also disagrees 
with Sody (1949:129), and considers that the grounds for the 
existence of the race impudens (if, as seems likely those 
from Sugi and Durian are the same) are less dubious than he 
thinks and , on the basis of apparent uniformity in colour 
between the two specimens and their difference from those 
from the rest of the Riau Archipelago, provisionally 
concludes that subspecific status is warranted. Further 
specimens are required for a final solution. 
South China Sea Islands: To , the north and north-east of 
the Riau Archipelago lie the Natuna, Anambas, Gt. Redang, 
Tioman and Tinggi islands. 
In colour the skins from the Natuna and Anambas 
islands are much darker than those from Tioman and Tinggi . 
The specimen from P. Siantan (Anambas Is.) is also 
considerably darker than the latter specimens, though the 
difference is not as great compared with those of the 
former . 
The specimen from the Gt. Redang Is. is generally 
grey in colour with a pronounced dark brown (blackish ) 
dorsal stripe the full length of the back. This contrasts 
with specimen No. 596 from the Nth. Natuna islands which 
is generally black on the back diffusing to dark black-
grey laterally, and with specimens from the Anambas, which 
are much richer brown, and those from the Sth. Natuna Is. 
which are grey-black on the back diffusing to grey-cream 
laterally. 
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The two specimens from the Anambas islands and three 
from the South Natuna islands are also different in colour 
from each other. Specimen No. 2585 from the Anambas Is. is 
generally brown on the back, while those from the South 
Natuna Is. (e.g. No. 6071), have ·more blackness on their backs. 
Thus it appears there may be some argument (based 
on colour difference), for separating the Anambas, Nth. Natuna 
and 8th. Natuna populations into different races; this is 
supported by head and body, tail and skull measurements 
(chapters 3 & 4). 
Subspecific names are available for the Nth. Natuna 
and 8th. Natuna populations: lingungensis (Elliot, 1910:344), 
for the population on Lingung I., near Bunguran I., Nth. 
Natuna Is., and sirhassenensis (Elliot, 1910:345) for that 
on Sirhassen I., 8th. Natuna Is. These putative races differ 
from those of Malaya, Borneo and Sumatra in being considerably 
darker in skin colour; the difference from Sabah (Nth. Borneo) 
is, however, not as great. 
Elliot (1910: 345) has also made available a name for 
the population on Laut I., to the north of Bunguran I., 
calling it lautensis. No specimens referred to this race were 
available for examination. Similarly, no name is available 
for the Anambas population. 
Specimens from P. Tioman and P. Tinggi, referred to 
laeta, contrast well against the Nth. Natuna, 8th. Natuna , 
Anambas and Gt. Redang specimens. In general they are grey-
brown dorsally diffusing to a cream-grey-brown laterally; the 
crown is dark grey-brown (blackish), as is the face and tail; 
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the neck is greyish-brown. The dorsal neck colour of specimen 
No. 501, from the more northerly island (Tioman), is, however , 
slightly lighter in colour being brown with no grey; the 
ventral colour of the neck, thorax and abdomen is also lighter 
in shade being more cream-grey compared with orange-grey for 
P. Tinggi. 
Overall, these skins are also lighter and contrast well 
with skins from Borneo, Pen. Malaya and Sumatra. This supports 
Elliot's placement of this population into a separate 
subspecies laeta. 
Malacca Str. Is.: The skins of M.fascicularis from the islands 
off the west coast of Pen. Thailand do not contrast very much 
with those from the mainland, although one specimen (527/17), 
from P. Telibum, is noticeably darker brown- on the back. 
Island specimens from west coast of Pen. Malaya 
similarly do not contrast very much from those from the 
mainland, but two colour types exist on Penang Island. Specimen 
No. 1418/11 is generally brown-grey on the back diffusing to 
cream-grey on the sides, and dark grey on the outside of the 
arms and-legs. Although a very small colour difference from 
specimen No. 1419/11, there is no doubt they represent the same 
race as that on the mainland, which, as has been shown above 
should be called bintangensis; the same applies to the other 
island populations off West Coast Pen. Thailand. 
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Macaca nemestrina 
The pig-tailed macaque,M.nemestrina (Linnaeus 1766), 
is sympatric with several of the described M.fascicularis 
subspecies. In range, as indicated previously (see introduction), 
it is considerably more confined than the long-tailed macaque, 
but similar to it in displaying much variability in skin colour 
over its range. 
Twenty-two pelage specimens were examined from Borneo, 
Malay Peninsula, Sumatra and Sth. Pagi Is. (Mentawai Is.) 
(Map 7). In general, the specimen from Lampung and one simply 
labelled "Sumatra" show clos-e colour affinity with East 
Kalimantan specimen No. 8129; the Tebingtinggi skin is closer 
in colour to the two Nth. Borneo (Peleben) skins; the five 
Palembang (East Coast Sumatra) specimens bear comfortable 
resemblance to the five Bengkulu specimens; and the three 
Selangor (Pen. Malaya) specimens are similar in colour to the 
Sandakan (Sabah, Nth. Borneo) specimens. 
Skins from Selangor and Sandakan are the most northerly 
examined in this study, and are considerably lighter in colour 
than those from southern localities. 
The Lampung and "Sumatra" (unlocalised) specimens are 
generally reddish-brown in colour; they have a black crown and 
shoulders and deeply contrasting black dorsal stripe; laterally 
the colour is reddish-brown and cream on the venter. The East 
Kalimantan specimen No. 8129 fits this general description 
comfortably. 
Skins from Bengkulu (West Coast Sumatra), are lighter 
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in colour being less reddish and more grey-brown on the 
dorsum and sides. These specimens are nearly identical in 
colour with those from Palembang (photo 8). 
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The skin from Tebingtinggi, located approximately 
between Palembang and Bengkulu, contrasts significantly with 
those from adjoining localities; it also differs from those 
of Lampung and East Borneo. In general the Tebingtinggi skin 
is much more reddish-brown on the back and sides than other 
specimens from Sumatra, Borneo and the Malay Peninsula; 
however, the Peleben specimens are very similar to it in 
colour. 
Specimens from Selangor are lighter in colour than any 
other specimen referred to M.nemestrina in Sumatra, Malay 
Peninsula and Borneo, except specimen No.3276 from Sandakan 
which bears a close similarity to it. The Selangor and Sandakan 
specimens are much more cream-grey on the side and grey-brown 
on the outside of the arms and legs than skins from more 
southerly localities. The Selangor skin has a black crown, 
shoulders and back; the Sandakan specimen also has a black 
crown bu~ the shoulders are brown, the blackness on the back 
confined to a narrow dorsal stripe. 
The 8th. Pagi I. specimen (off West Coast Sumatra), is 
very black by comparison with mainland specimens. It stands 
out clearly from all other specimens referred to M.nemestrina, 
and without doubt represents a separate race (photo 9). Whether 
it is actually a distinct species as Wilson and Wi l son 
(1976:216) claim, or a subspecies as Fooden (1975) and Chasen 
(1940) claim, awaits more data. 
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From the above it is evident that considerable colour 
variation exists among specimens referred to nemestrina, on 
Borneo, Sumatra and Pen. Malaya. The evidence suggests a trend 
of colour change from darker in the south to lighter in the 
north. In contrast, the Bornean specimens of long-tailed 
macaque (referred to mandibularis) indicate the opposite 
colour gradation from light in the south to dark in the north 
at Sabah; at present this curious finding defies explanation. 
Specimens of pig-tailed macaques from Sumatra are 
reddish-brown at Lampung (approx. 5° 8th.), and light brown 
(less red) at Palembang (approx. 3° 8th.) ·. This colour cline 
seems to be continued north into the Malay Peninsula, the 
specimens at Selangor (approx. 3°30'Nth.) being lighter still, 
more cream-grey in colour. 
On Borneo too,the colour becomes "warmer" lighter, 
from reddish-brown at the equator (approx.) to cream-grey at 
Sandakan (approx. 5°30' Nth.). 
Although broca Miller 1906, is available for the Nth.-
East Borneo specimens, and the type locality of nemestrina 
was somewhere in Sumatra (Fooden, 1975), possibly Bengkulu, 
it does not appear that these localities warrant separation 
into independent races (at least on the basis of pelage 
characters); in fact the degree of ' variation from north to 
south on both Sumatra and Borneo is similar, indicating that 
colour variation on both these islands is clinal representing 
a continuous gradation correlated with latitude; the same 
applies for Pen. Malaya. 
It therefore appears that, on the basis of pelage colour 
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at least, the populations on Sumatra, Borneo and Pen. Malaya 
(Nth. to about Trang) appear to belong to the same subspecies 
M.nemestrina nemestrina (Linn.), and that on Pagi I. 
tentatively to the race M.n.pagensis (Miller); this is 
supported by head and body, tail and skull measurements 
(chapters 3 & 4). 
Summary of Findings. 
In summary, it is evident from the preceding 
descriptions that considerable colour variation exists 
between specimens referred to M.fascicularis and M.nemestrina. 
In what follows, an attempt will be made to determine the 
extent to which colour alone will support division into 
subspecies, without regard to other characters. 
Specimens of M.fascicularis from Pen. Thailand and 
Malaya show clear colour gra~ation from north to south over 
the Peninsula: from lighter in the north to darker towards 
the equator. It was found, too, that skins from the islands 
off the west coast of the peninsula show the same colour 
gradation as is seen on the mainland opposite. Skins from the 
Riau Archipelago, with the exception of P. Durian, are 
indistinguishable from Malay ones. There is, however, a clear 
distinction of the Riau/mainland form from Sumatra and 
Borneo, so that a separate subspecies are clearly indicated. 
For the former the name bintangensis Elliot, 1909 is available. 
Specimens from Borneo, like the Malay Peninsula, 
display a colour cline over the island; but in this case the 
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cline operates in the opposite direction from blackish in the 
north to brownish in the south, and the differentiation seems 
sharper. The Sabah, Banguey and Bulungan specimens differ 
significantly from those from South and West Kalimantan, 
which together with size differen9es indicate the presence of at 
least two races on the main ~sland; the one on the Banguey . 
Is. may also be distinct. The Kalimantan specimens are also 
sufficiently different from Sumatra and Java to retain 
separate race status for which the name mandibularis (Elliot, 
1910) is available. No name is available for Sabah. 
There is also considerable colour variation in 
specimens from Java; skins from some localities have closer 
affinity with Borneo, others with Sumatra; no colour cline 
or subspecific differentiation is suggested by the available 
material. Overall, however, the Java specimens are sufficiently 
different in colour from Borneo and Sumatra to retain the name 
mordax. 
Specimens from Karimunjawa and Bawean are similarly 
different not only from Borneo, Sumatra and Java, but between 
themselves; the distinction is sufficiently great to warrant 
retention of the names karimondjawae and baweanus respectively. 
The specimens from Bali are also sufficiently differ-
ent in colour from Java, Borneo, Karimunjawa, Bawean and other 
Lesser Sunda Islands to warrant retention of the name submordax 
Sody, 1949. Skins from Sumbawa, Sumba, Flores and Timor differ 
from Bali and Java but are sufficiently similar to each other 
to be tentatively relegated to the same race, limitis Schwarz, 
1912 (of which, on the evidence of pelage, sublimitus Sody 
would be a synonym). 
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Island populations off the East Coast of Pen. Malaya 
vary greatly in colour among themselves, none being similar 
to the mainland form. It is possible that several subspecies 
could be recognised. 
The available evidence indicates that skins from 
Durian, in the Riau Arch., Nth. Natuna, Sth. Natuna, Anambas , 
Tioman and Tinggi, and Gt. Redang islands (all in the Sth . 
China Sea), are sufficiently different from each other and the 
mainland to support their placement into separate subspecies. 
Specimens of M.nemestrina from Pen. Malaya, Sumatra and 
Borneo varied considerably in skin colour, but clinally with 
latitude, not between islands. Accordingly the evidence 
suggests the presence of only one subspecies on these land 
masses. A separate clearly different race (or possibly species) 
exists on Pagi island for which the name M.n.pagensis Miller 
1903 is available. 
Photo 1 
M.fascicularis Skins from the Malay Peninsula. 
Photo 2 
M.fascicularis Skins from 
Eanguey Is. and Sabah 
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Ref . No . 
548/12 
7615 
2595/10 
Ref.No. 
(Banguey Is.) 
3413 
(Sabah) 
3653 
(Sabah) 
4175 
Photo 3 
M.fascicularis Skins from Borneo 
(Kalimantan) 
Photo 4 
M.fascicularis Skins from 
P.Karimunjawa 
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Ref . No . 
8130 
6520 
6-516 
Ref.No. 
2718 
1458 
1457 
Photo 5 
M. fascicularis Skins from 
P . Bawean 
Photo 6 
M.fascicularis Skins from 
Bali. 
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Re f.No. 
1 841 
1843 
1844 
Ref.No . 
6523 
6522 
Photo 7 
M. fascicularis Skins from 
Flores and Sumbawa 
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Ref . No. 
(Flores) 
2385 
2387 
(Sumbawa) 
6529 
Photo 8 
M.nernestrina Skins from 
Sumatra. 
Photo 9 
Skin from Sth.Pagi I. 
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Ref . No . 
6490 
6488 
Ref . No . 
2952 
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Chapter 3 
Size variation and Body Proportions. 
As with colour, considerable size variation exists 
among South-East Asian macaques (table 2). In this chapter, 
head and body length values, as recorded on the labels of 
the specimens, and the evidence of total skull length 
(fig.1, measurement no.2), will be analysed as being the 
most likely indicators of absolute body size. In a few cases 
conflicting findings emerge for these two sources of 
evidence; in these instances, the skull length data are 
preferred as being derived from a standardised measurin g 
technique and mostly taken by a single person (myself). It 
seems convenient to examine the other widely used flesh 
measurement (tail length) in this chapter as well so that 
this chapter examines both body size and external proportions. 
Sexual dimorphism is evident within both M.fascicularis 
and M.nemestrina. The degree of difference, however, was not 
determined as this thesis dealt only with adult male specimens 
(as explained in the first chapter). This allowed for the 
use of, and comparison with, data presented in the literature 
by other researchers such as Fooden (1964). 
M. fascicularis 
Mainland : Variation in fasci@ularis head and body length ranges 
from 383mm to 485mm in 5 adult male specimens from Pen.Burma/ 
Thailand; the variation does not appear to be random and, 
relative to area of collection, appears to form a cline of 
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increasing size with increasing latitude. At Trang and Chirbi 
(approx. 7°20 1 and 8°04 1 Nth. respectively), head and body 
length is 392mm and 383mm respectively; at Chuporn (approx. 
10°30 1 Nth.) 400mm; and at Tenasserim (approx. 12°18 1 Nth.) 
two specimens average 482.5mm (table 2; fig. 2). A similar 
situation is evident for tail length, but in this case the 
cline appears to represent a decrease in size with increasing 
latitude: 455mm (av.) at Tenasserim; 480mm at Chuporn; 545mm 
and 543mm respectively for Chirbi and Trang (table 2;fig.3).0f 
further significance, Fooden (1964), claims that the relative 
tail length is a prime distinguishing character between 
M.fascicularis and M.mulatta. The tails of the two 
Tenasserim specimens are shorter than head and body length, 
that is, mulatta-like, suggesting perhaps that there is more 
of a cline than he thought, and supporting the notion that 
the two species are really conspecific (in such a case, the 
name mulatta Zimmerman, 1780, would take precedence over 
fascicularis Raffles, 1821). 
In Malaya, head and body size ranges from a mean of 
418.8mm (range 370mm - 473mm, n=4) at Sembilan to 440mm at 
Perak. I~ we exclude the abnormally large individual from 
Sembilan, a cline of increasing body size with increasing 
latitude is again evident though very feeble and probably 
not significant; at Sembilan (approx. 2°40 1 Nth.) it 
averages 418.8mm; at Selangor (approx. 3°30 1 Nth.) it is 
438mm; at Pahang (approx. 4°00 1 Nth.) 438mm; and at Perak 
(approx. 5°00 1 Nth . ) 440mm. There is a sharp step between 
the Malaysian and Thai specimens, which do not continu e the 
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same cline (fig. 2). But the picture does generally agree 
with Chasen's claim that very broadly the trend of geographic 
variation is towards slightly smaller size from north to 
south (1940:66). 
Data from skull lengths (table 3) are insufficient 
to support or refute the suggestion, on the basis of flesh 
measurements, of a north-south cline of uniform size gradation 
(fig. 4), but the evidence does seem to suggest, if only 
tentatively, that specimens from Pen. Thailand and those from 
Pen. Malaya are of the same order of size. 
As with Pen. Burma/Thailand, tail length of specimens 
from Pen. Malaya decrease wi~h increased latitude; at 
Sembilan it averages 590.8mm; at Selangor 560mm; and at 
Pahang 540mm (table 2; fige 3). This decrease in tail length 
is generally continuous from Sembilan to Tenasserim, 
suggesting a gradation in tail length from north to south 
in accordance with Allen's Rule. 
If rather than absolute tail lengths, an index of 
relative length is calculated (table 2), a significant 
difference emerges between Pen. Burma (Tenasserim), Pen. 
Thailand-and Pen. Malaya: the averages are 94.3% for the 
former and 133.4% and 135.8% in the latter two. This would 
seem to suggest different races inhabiting the two regions; 
but a glance at fig . 3 dispels this indicating the variation 
to be clinal. This agrees with skin colour data indicating 
that only one race bintangensis exists on the Malay 
Peninsula (and is supported by cranial data in Chapter 4). 
Overlap exists between Pen. Malaya and Sumatra for 
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head and body and toothrow length (Tables 2 & 5); no overlap 
is evident for skull length but the values are very close 
and more data may indicate overlap. Skin colour (Chapter 2) 
and relative tail length (Table 2) are the major features 
distinguishing the two populations. 
Sumatra: Specimens from Sumatra are inadequate in number to 
allow conclusions about clines or different races as suggested 
by Sody (1949:130). 
Head and body data indicate considerable size variation 
between Aceh and Bengkulu, 451mm at the former, and averaging 
515.5mm at the latter (Table _2 & fig~ 2). On the other hand 
tail length is greater at Aceh (622mm) than Bengkulu 
(610.5mm av.); the latter's size range from 598mm to 623mm, 
however, overlaps that of Aceh (Table 2 & fig. 3); the same 
applies for skull length, 124mm for Aceh and 116.5mm (av.) 
for Bengkulu (Table 3 & fig.4). More information is required 
to test Sody's claim, but on the basis of head and body data 
plus skull measurements, it is tentatively concluded that 
there is some merit in what he says. The overall data added 
to the data from skin colour (see Chapter 2) indicate the 
presence of only one race on Sumatra, fascicularis. 
The differences in skin colour between Sumatra and 
Pen . Malaya, Borneo (Kalimantan/Sarawak) and Java are to 
some extent borne out for relative tail length , averaging 
124.4%, 135.8%, 118.6% and 127.1% respectively (Table 2). 
The distinction between Sumatra and Pen . Malaya, Borneo and 
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Java is not great for head and body, tail, skull and 
toothrow length measurements; overlap exists between Sumatra 
and the other localities for all these features except with 
Pen. Malaya for skull length (very close), and Borneo 
(Kalimantan/Sarawak) for toothrow length (close) (Tables 2, 
3 & 5). 
Java: Head and body measurements from Java generally show 
a uniform size gradation (cline) from 508mm at Purwakarta 
in Central Java (approx. 7°1s 1 S, 108° 42'E) to 433mm (av.) 
0 0 
at Bogar in West Java (approx. 6 18 1 S, 106 54'E); the one 
exception is Bandung, also · in West Java, which has a maximum 
head and body size of 520mm (Table 2). No specimens were 
available from East Java, thus there is no evidence to 
indicate whether the cline continues uniformly in that 
direction. 
There is much variation for tail and skull lengths 
within Central and West Java (Tables 2 & 3, figs. 3 & 4); 
no clines are evident in either case for skull length, but 
tail length between Purwakarta (Central Java) and Bogar 
(West Java) suggest an East-West gradation: 630mm at the 
former and 544mm (av.) at the latter! Sody's (1949:131) 
opinion that maximum size occurs in Central Java is not 
supported by the evidence in this study; maximum head and 
body size occurs at Bandung, and tail size at Wynkoops Bay, 
both localities in West Java, although maximum skull length 
does occur in Central Java (Mt. Slamat). Information from 
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East Java is needed before confirmation either way can 
be made. Also there is no evidence to support the existence 
of more than one race on Java; this supports the findings 
on skin colour (Chapter 2). 
Size overlap occurs between Java and both Sumatra 
and Borneo for head and body, tail, skull and toothrow length 
(Tables 2, 3 & 5). Colour and relative tail length are the 
major features distinguishing Java from Sumatra and Borneo 
(excluding Sabah/Bulungan); the tails average 127.1%, 124.4% 
and 118.6% of head and body length respectively, though 
considerable overlaps occur (see below). 
Borneo: Head and body length_ on Borneo increase in size from 
north to south, measuring 485mm at Sampit (approx. 2°1s 'S) 
and 412.5mm (av.) at Mt. Kinabalu (approx. 6°00 'N) (Table 2, 
fig. 2). Considerable difference in head and body length 
exists between the Sabah specimens and those from Kalimantan 
and Sarawak: 419mm (av.) (010.68mm) for the former and 498.3mm 
(017.53mm) for the latter; there is also variation in skin 
colour (Chapter 2). 
A general cline of increasing body size with latitude 
north appears to exist south of Sabah, from Sampit to 
0 
approximately 2 North latitude. Bulungan is closer to Sabah,and 
the specimen examined from that locality appears to more closely 
resemble the latter, its length being smaller than the more 
southerly specimens examined. When these specimens are 
plotted against latitude (fig. 2), the Sabah/Bulungan 
specimens continue the same gradient as the Malay/Sumatra 
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one, while the Kalimantan/Sarawak specimens form a separate 
series. This supports the evidence from skin colour, that 
two different sets of environmental responses are involved. 
The difference in tail length between Sabah and other 
Borneo specimens is not as great as that evident for head 
and body length, averaging 601.5mm in the former and 590.8mm 
in the latter (Table 2, fig. J). Skull length data show a 
general cline of increasing size from Sarnpit (108.5mm av.) 
to Mt. Kinabalu (120mm) (Table 3 & fig. 4). This information 
is, however, insufficient to allow any conclusions; suffice 
it to say the variation appears to be in part clinal. 
Sody, comparing spec~mens from Borneo and Sumatra, 
concludes that the maximum linear skull length occurs on 
the latter (1949:130); my data, however, show that the longest 
skull is in a specimen from Saribas, Borneo (Sarawak) (Table 
3 & fig . 4 ) . The me an v a 1 u es , however , support Sod y ' s c.l aim , 
Sumatra x119mm being larger than Borneo (Kalimantan/Sarawak) 
x114.4mm (Table 3). 
A difference of more importance between Sumatra, Java 
and Borneo appears to exist in relative tail length (Table 2 
& fig. 3), Borneo averaging 130%, Java 127.1% and Sumatra 
124.4%. This relationship alters when the dark Sabah and 
Bulungan specimens are extracted from the rest of the Borneo 
series : these average 143.6%, the rest of Borneo 118.6%, 
the ranges being mutually exclusive thqugh neither is quite 
outside the range of Malaya, Sumatra or Java. Although 
Borneo appears to be rather different in relative tail l e n g t h , 
all these locations may be distinguished by average head and 
body length: Borneo 458.6mm (Sabah 419mm, rest 49 8 .3 mm ); 
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Java 475.8mm and Sumatra 494mm; and skin colour (Table 2; 
fig . 2 & 5 ; Chapter 2). It will be seen that cranial 
variation similarly supports the distinction (Chapter 4). 
Sody considers the larger measurements are sufficient to 
separate Java from Borneo (1940: 130-131), which we have seen 
is not quite true . 
Lesser Sunda Islands : Specimens from the Lesser Sunda Islands 
indicate little variation between Sumbawa, Sumba, Flores and 
Timar . The Bali specimens by contrast are sufficiently 
distinct in size, as in colour (Chapter 2), from these 
islands and Java to render separation desirable (Table 2, 
fig . 6) . Colour was the major factor used by Sody (1949:133) 
for his distinction of the Bali race, but he also noted,. as 
does this author , they have shorter tails than on Java, 
although the specimens were few in number. 
This study nonetheless disagrees with Sody (1949) as 
to the number of races existing on the Lesser Sunda Islands. 
In addition to submordax, Sody (1949:134) considers it 
certain that Timar is inhabited by a good race; he claims 
this even though he admits it is nearly unknown 1n measurement. 
As we will see (Chapter 5), the precise measurements mentioned 
by Sody do not stand up. It will be recalled, however, that 
on a colour basis there is little doubt that Timar represents 
a valid race separate from that of mordax from Java and 
submordax from Bali (Chapter 2) . 
Sody is also not convinced that only one race exists 
on Bali, Sumbawa and Flores; this is here supported by skin 
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colour (Chapter 2). By contrast Chasen (1940) had considered 
there was no satisfactory geographic variation in the region 
to warrant any subspecific separation. In the present study 
(Table 2) flesh measurements of Sumba and Flores specimens 
~ho~e 
differ somewhat from that from Bali; it is impossible to 
assessthe significance of these differences given the paucity 
of material, but the head and body differences, at least, are 
considerable. 
South China Sea Islands: Head and body measurements (Table 2, 
fig. 7) show the specimens from the North Natuna, South 
Natuna and Anambas islands to be rather different from one 
another especially the last of these; the former averages 
415mm, South Natuna 409.5mm and Anambas islands 450mm. 
There are further differences between these islands in 
relative tail length (Table 2). Two specimens from Bunguran 
Island (Nth. Natuna Is.) average 113.5%; those from 
P. Sirhassen (Sth. Natunas) 140.5%; and 120.5% from P. Siantan 
(Anambas Is.); while the type specimen of pumila from P. Bunoa 
(Tambelan Is.) had a relative tail length of 129.9% (Hill 
1974:521)~ Although these limited data suggest the presence 
of at least three well differentiated populations on these 
islands, it may nonetheless be prudent to await more material; 
it will be recalled that data from skin colour (Chapter 2) 
clearly distinguish all these locations into separate rac e s. 
An interesting observation is that the measurements of th e 
South Natuna specimens are very close to those from Sabah , 
recalling the likeness in colour also (Chapter 2). 
Specimens from islands to the north and north-west 
of the Natuna Islands also appear to be inhabited by well 
differentiated populations . 
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In head and body and tail length (Table 2), the 
specimens from the Great Redang Islands fall within the lower 
range of those referred to ,p umila , and the upper range of 
those called condorensis from P . Condore. Overall, however, 
the latter , and the individual K. Kram specimen referred to 
atriceps , appear distinct from the Natuna,Anambas and Gt. 
Redang specimens . 
In relative tail length , specimens from P. Condore 
average 122 . 4% and that from the Gt . Redang Islands is 125.9%; 
no value is available for P . Tinggi. These values appear and 
may be significant in separating these populations, although 
they do overlap. Chasen lists argentimembris (P. Penang, 
Gt . Redang Is . ) and laeta (P . Tinggi) as separate subspecies 
and states that no - one could confuse these specimens with 
those from K. Kram and P . Condore , atriceps and condorensis 
respectively (1940 : 67). Samples are small although, as 
mentioned_previously, there is little doubt that differences 
do exist . 
Straits of Malacca: (West Coast Malay Peninsula). Specimens 
from West Coast Malay Peninsula islands of K. Pipidon, 
P . Telibum, P. Panjang Awak, P. Pintu and Penang Island (not 
P . Penang in the Gt. Redang group), also display variation 
in head and body length (Table 2, fig. 8). 
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Tail length data, both absolute and r elative , 
generally support Chasen's claim that a tendency towards 
relatively shorter tail length exists on small islands 
(1940:67): in relative tail length Pen. Thailand averages 
133.4%, the island specimens opposite 120.7%; Pen. Malaya 
135.8%, island specimens opposite 130.6%. The evident larg e 
difference in relative tail length between mainland specimens 
and those from adjacent off-shore islands may not be as sharp 
as the raw statistics suggest as there is much overlap. A 
similar situation is evident for skull length (Table 3). 
From the above data, especially relative tail length, 
it appears that broadly the i~land populations off West Coast 
Pen. Thailand and Malaya conform to a cline of increasing 
body size and decreasing tail length with increasing latitude, 
similar to but not exactly duplicating that occuring on the 
mainland and supporting their placement into the same 
subspecies as on the mainland, bintangensis. 
Riau Archipelago Is.: Variation is also evident between 
specimens from the Riau Archipelago but here no apparent 
pattern emerges; suffice it to say that the Durian specimen 
has the maximum head and body and tail length (Table 2); 
the sample is, however, very small and interpretations 
possibly misleading. 
The single valu e for relative tail length for Durian, 
indicates a longer - tailed animal than all other localities 
except Galang and one specimen from Pen . Malaya (Table 2, fig . 9). 
The clear distinction made on the basis of skin colour 
6 8 
between Durian and the other localities (Chapter 2) is thus 
supported, with reservations. 
Karimunjawa, Bawean, Banguey and Karimata Islands: Data from 
these islands are interesting and even surprising (Table 2 
& 3, fig. 10). The Karimunjawa and Bawean Islands are 
located almost equidistant between Borneo and Java, and are 
supposed to be inhabited by different races; this was 
supported by skin colour (Chapter 2). 
Although the sample is meagre, a good difference is 
clearly evident between the two locations in head and body 
length, skull length and relative tail length (Tables 2 & 3), 
the latter measuring 108.6% on P. Karimunjawa and 123.5% (av.) 
for P. Bawean. Of interest is that, as in colour, so 
relative tail length, specimens from Bawean are closer to the 
average value for Java than are those from Karimunjawa, and 
both are closer to Java, than Borneo (excluding Sabah and 
Bulungan). Karimunjawa is at the lowest end of the range for 
that of Java (108% - 147.4%); while Bawean, however, falls 
in the middle of the range. There is no doubt these represent 
separate Taces; Sody (1949:132) also lists both as subspecies. 
Of surprise is the difference in relative tail length, 
between the Banguey specimen and those from Sabah; the former 
measures 118.1%, the latter 143.6%. In this feature the 
Banguey specimen approximates the average for Kalimantan and 
Sarawak (excluding Bulungan), 118.6%, although resembling 
Sabah in much darker colour. The Banguey specimen is also 
larger than Sabah and the rest of Borneo. Specimens from the 
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Philippines were not examined in the present study; it may be 
that the Banguey specimen represents one of the described 
Philippine taxa. 
Pulau-Pulau Karimata are located off the coast of 
South - West Borneo. Only one specimen was available from 
this Archipelago for examination. In head and body length 
the specimen appears to be closer to the average for Java 
than Borneo (although in skull data (Chapter 4) the opposite 
applies). 
M.nemestrina 
In addition to long-tailed macaques, specimens of adult 
male pig-tailed macaques (M.nemestrina) were also examined 
from Sumatra, Borneo and the Malay Peninsula. 
Sumatra and Bangka Island: Data from Bengkulu and Palembang 
are far apart and suggest that there may be considerable 
diversity on Sumatra (Table 2 & 3). Head and body size for 
Palembang range from 603mm - 629mm (x618.3mm 013.6mm); for 
Bengkulu it is 656mm; there is thus no size overlap between 
the two localities in this feature. For tail length the range 
is 208mm - 235mm (x219.3mm 014mm) for the former, and 238mm 
for the latter; there is again no size overlap although the 
measurements are close. Difference in relative tail length 
between the two is average only: 35.5% at Palembang and 36.3% 
at Bengkulu . No name is available for Palembang, nor separation 
required , but the type locality of nemestrina is very likely 
Bengkulu. 
Although no flesh measurements wer e available from 
Bangka Island, there is a difference from Sumatra, Borneo 
and the Malay Peninsula in skull length (Table 3); when 
the standard deviations are taken into account, the Bangka 
skull falls within one standard deviation of both Sumatra 
and Borneo but beyond this limit from Pen. Malaya. 
According to Sody (1937:248), the Bangka race nucifera is 
separated on the basis of it being considerably smaller in 
skull size than specimens from Sumatra and Borneo; but the 
skull measured in this study from Bangka is actually larger 
than the averages for both Sumatra and Borneo: 158.0mm, 
153.7mm and 154.8mm respectively. 
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Borneo: Data for head and body length (Table 2, fig. 11) 
indicate a distinction between Borneo and Sumatra; the range 
for the former is 580mm - 590mm (x585mm), and does not 
overlap with the latter: 603mm - 656mm (x627.8mm 021.86mm). 
There is, however, considerable overlap between the two for 
tail length, ranging from 210mm - 245mm (x227.5mm) for Borneo, 
and 208mm - 238mm (x224mm 014.76mm) for Sumatra; relative 
tail len~th averages 38.9% on ~orneo and 35.7% on Sumatra 
(Table 2) . The skull sizes, however, are not different; as 
noted at the beginning of this chapter, where there is a 
conflict, the skull data are c onsidered to be the more 
reliable . 
Information on this species, especially from 
Kalimantan and Sarawak, and the Malay Peninsula, is very 
scarce , overall, as with skin colour (Chapter 2), also skull 
end dental measurements (Chapter 4). Size and tail length 
data indicate the probability that all locations above are 
inhabited by the same race M.n.nemestrina, except of course 
for the Mentawai Islands where a clearly different form 
(species or subspecies) exists. 
Summary of Findings. 
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In summary, the evidence suggests that the long-tailed 
macaques from Pen. Thailand and Malaya are geographic variants 
of the same subspecies; the difference appears to be clinal 
conforming to known biological rules. 
Very little data were available from Sumatra; evidence 
from head and body and skull length suggest that specimens 
from Aceh and Benkulu are different, a suggestion not 
supported by skin colour (previous chapter). Sody (1949) 
feels little doubt that Aceh specimens represent a different 
race, but Chasen (1940) maintains only one subspecies 
fascicularis exists on Sumatra. 
Size overlap exists between Sumatra and Java for head 
and body, -tail, skull and toothrow length; and in all these 
features with Pen. Malaya (except skull length (very close)) 
and Borneo (excluding Sabah) (except for toothrow length wh i ch 
is close) (Tables 2, 3 & 5); skin colour is the major featur e 
distinguishing Sumatra from Pen. Malaya, Borneo and Java 
(Chapter 2); relative tail length is also considerably 
different at these localities (se e above). 
There is no evidence from the data to suggest that 
more than one race exists on Java; the existence of only one 
race is supported by skin colour (Chapter 2) (also cranial 
variation - Chapter 4). Size overlap exists between Java and 
both Sumatra and Borneo (Kalimantan/Sarawak) for head and 
body, tail, skull and toothrow length (Tables 2, 3 & 5; 
Chapter 4); colour and relative tail length are the major 
features distinguishing these localities as separate 
subspecies (see above) . 
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There is considerable size difference between specimens 
from Sabah and Kalimantan and Sarawak (Borneo). A cline of 
increasing body size appears to exist from South Kalimantan 
to approximately 2°North latitude, after which it decreases. 
Data are too limited to explain differences between 
specimens from Sabah and the rest of Borneo. 
Borneo (Kalimantan and Sarawak) is quite distinct 
from Sumatra and Java in average relative tail length; this 
also applies in the case of maximum head and body length. 
There is, however, overlap between the above locations for head 
and body, tail and relative tail length, as for skull length , 
although ~he toothrow lengths for Sumatra and Borneo just 
fail to overlap (Table 3; see also Chapter 4). No overlap 
exists between Sabah and the remainder of Borneo for head a nd 
body length or relative tail length. These findings th e ref ore 
support those for skin co l our in clearly separati ng Bo r neo 
from Sumatra and Java; and Sabah from the rest of Borneo 
(Chapter 2 ). 
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Data from the Lesser Sunda Islands suggest specimens 
from Bali represent a good race, as was found for skin colour . 
Head and body data from the Gt. Redang, Natuna and 
-that 
Anambas islands indicate~they could be inhabit ed by different 
races. Similarly, specimens from K. Kram (atriceps), 
P. Condore (condorensis) and Tioman and Tinggi islands (laeta) 
appear sufficiently distinct from one another and the mainland 
to warrant separate race status; this is supported by skin 
colour data (previous chapter). 
The differences between small island samples from off West 
Coast Pen. Malaya and Thailand appear to be clinal in a 
manner similar to but not exa~tly duplicating the mainland 
opposite. 
Specimens from P. Durian, in the Riau Archipelago, can 
be assimilated with adjacent islands on the basis of skull 
length; however, in head and body and tail lengths, it is 
closer to the mean for Pen. Malaya than to either Riau or 
Sumatra. Recall that a clear colour difference was found from 
the other Riau skins (Chapter 2). 
There is no doubt specimens from P . Karimunjawa and 
P . Bawean represent separate races, on the evidence of size 
and tail length data, as for skin colour. 
Specimens from Banguey Islands ar e different in size 
from Sabah , the population they resembl e in skin colour; 
in relative tail length they approximate the Kalimantan 
measurements but differ in colour (Chapter 2). The on e 
specimen examined from the Karimata Islands (off South-West 
Borneo ), did not overlap with Kalimantan and Sarawak in head 
and body length, and overall measurements show a closer 
affinity with Java. 
With regard to M. nemestrina, the evidence suggests 
the presence of a single race over the Malay Peninsula, 
Sumatra and Borneo, supporting the evidence of skin colour 
(Chapter 2). A big skull size difference, of uncertain 
significance , exists between Palembang and Bengkulu. The 
single specimen from Bangka is somewhat distinct from those 
from Sumatra and Borneo. 
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Table 2 75 
Size Variation in Ad u lt Male M. f asc i c u lari s . 
Re f e r en c e Head &Bo d) Tail L ' gth Relative Tail 
Location No. L ' gth (m m ( mm ) L ' gth ( %) 
(Pen.Burma) 
Tenasserim 732/16 485 465 95.9 
II 729/16 480 445 92.7 
-
x for 
Pen.Burma · n-2 482.5 455 94.3 
a 
- - -
(Pen.Thailand) 
Chuporn 2564 400 480 120.0 
Chirbi 208 383 545 142.3 
Trang 26/16 392 543 138.5 
x for -
Pen.Thailand n-3 391 . 7 522.7 133.4 
a 8.50 36.96 
-
x for 
Pen.Burma/ 
Thailand n-5 428.0 495.6 11 5. 8 
a 50.14 45.89 -
(Pen.Malaya) 
Sembilan 6204 402 601 149 . 5 
II 7615 473 592 125. 2 
II . 7596 370 545 147 . 3 
II 7595 430 625 145. 3 
-
Selangor 2595/10 438 56 0 127 .9 
Pahang 111/14 43 8 540 123 . 3 
Perak 7618 440 - -
x for 
P e n.Malaya n-7 427 . 3 57 7 . 2 135.8 
a 32 . 68 34 . 02 -
X f o r t h e 
Malay Pe n insu= a 
n-1 2 427 . 6 540 . 1 126 . 3 
a 38 . 69 56 . 88 
Table 2 (cont. ) 
Location 
(Sumatra) 
Aceh 
Bengkulu 
II 
x for 
Sumatra 
(Java) 
Bantam 
Purwakarta 
Bogor 
II 
Bandung 
Wynkoops Bay 
x for Java 
(Borneo: 
Kalimantan/ 
Sarawak) 
Sampit 
Saribas 
Landak 
Reference 
No. 
6480 
6479 
6477 
n-3 
a 
6482 
6484 
1884 
2052 
957 
206/20 
n-6 
a 
6516 
326 
6519 
II 6520 
x Kalimantan/ 
Sarawak n-4 
(Bulungan/ 
Sabah) 
Bulungan 
Mt .Kinabalu 
11 
a 
6513 
3647 
3653 
Head&Body 
L'gth(mm) 
451 
533 
498 
494 
41 . 14 
476 
508 
434 
432 
520 
485 
475.8 
36.71 
485 
501 
522 
485 
498.3 
17.53 
431 
405 
420 
76 
Tail L'gth Relative Tail 
(mm) L'gth(%) 
622 
623 
598 
614.3 
1 4. 1 5 
514 
630 
570 
538 
71 5 
593.4 
80.69 
590 
577 
625 
571 
590 . 8 
24.17 
623 
545 
605 
137.9 
11 6. 9 
120. 1 
124.4 
108 
124 
1 31 . 3 
124.5 
147.4 
127. 1 
121 . 6 
115.2 
11 9. 7 
117.7 
118.6 
1 44. 5 
134.6 
144 
---
------~~---~---
---
di! 
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Table 2 (cont.) 
Reference Head&Bod) Tail L'gth Relative Tail 
Location No. L'gth(mm (mm) L'gth(%) 
Sandakan 3258 420 633 150.7 
x Bulungan/ 
Sabah n-4 419 601 . 5 143.6 
a 10.68 39. 41 -
(Lesser Sunda 
Islands) 
Bali Type 495 51 0 103.0 
Sumba 866 452 503 111 . 3 
Flores 2387 423 500 11 8. 2 
(Malacca 
Strait) 
P.Telibum 527/17 482 556 11 5. 4 
-
P.Panjang Awak 448 440 530 120.5 
K.Pipidon 196/19 450 570 126.7 
P.Pintu 548/13 411 51 5 125.3 
II 54 9 / 13 356 490 137.6 
Penang I . 1414/11 408 523 128 . 2 
II 1418/11 423 519 122.7 
II 1416/11 41 0 525 128.0 
II 1417/11 374 539 1 44. 1 
(Riau -
Archipelago) 
P.Mapor 418/15 395 535 135.4 
P .Nguwal 7605 425 535 125.9 
P.Bintang 2787 405 485 11 9. 8 
II 2786 350 465 132.9 
P .Galang 7622 345 480 13 9 . 1 
P . Durian 241 430 590 137 . 2 
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Table 2 (cont.) 
Reference Head&Bod) Tail L'gth Relative Tail 
Location No. L'gth(mm (mm) L'gth(%) 
(8th.China 
Sea Islands) 
P.Condore 35/20 337 421 124.9 
II 300/20 364 397 1 09. 1 
II 298/20 392 520 132.7 
-
X for 
P.Condore n-3 364.3 446 122 .4 
0 27.50 6 5. 1 9 -
K.Kram 2567 465 410 88.2 
P.Tinggi 413/15 - 572 -
(Sth.Natuna 
Islands) 
P.Sirhassen 6071 -429 586 136.6 
II 6069 390 563 144.4 
(Nth.Natuna 
Islands) 
P.Bunguran 596 445 480 107.9 
II 654 385 460 11 9. 5 
(Anambas Is.) 
P.Siantan 2712 440 565 128.4 
II 2585 460 520 113.0 
Gt.Redang Is. 2071/10 405 510 125.9 
(Islands off 
Java & Borneo) 
Banguey Is. 3413 525 620 11 8. 1 
-
P.Karimata 2915 464 591 127.4 
P.Karimunjawa 2719 501 544 108.6 
P.Bawean 1843 480 580 120.8 
II 1846 460 580 126. 1 
-
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Table 2 (cont . ) 
M.nemestrina 
Reference Head&Bod) Tail L ' gth Relative Tai l 
Location No. L'gth(mm (mm) L'gth(%) 
(Sumatra) 
Bengkulu 6492 656 238 36.3 
Palembang 6497 623 235 37.7 
II 6487 629 208 3 3. 1 
II 6489 603 215 35.7 
-
X for n-3 618.3 219.3 35.5 
Palembang 0 13.60 14.00 -
x for n-4 627.8 224 35.7 
-
Sumatra 0 21 . 86 14.76 -
(Borneo) 
Sandakan 3267 580 210 36.2 
II 3276 590 245 41 . 5 
-
X for n- 2 585 227.5 38.9 
Sandakan 
x for 
Sumatra and n-6 613.5 225.2 36.7 
Borneo 0 28.00 16.01 -
Table J 
Skull Measureme n ts in Adult Male M. fascic ularis . 
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Locat ion 
(Pen . Burma) 
Tenasserim 14 . 12 . 8 . 15 133 92 
(Pen . Thailand) 
Tamarat 512 118 80 
- 64 56 32 87 6J 38 90 48 II 7592 123 84 59 66 58 39 90 67 34 90 50 - 120 . 5 82 . 0 65 . 0 65 . 0 J6 . o 
X Pen . Thailand n =2 59 . 0 57 . 0 35 . 5 88 . 8 90 . 0 49 . 0 Pen . Burma/ 
-
n =J 124.7 85.J 59 . 0 65 . 0 65 . 0 J6 . o 
X Thailand 
57 . 0 35.5 88.8 90 . 0 49 . 0 
a 7 . 6J 6. 1 0 
(Pen . Malaya) 
Perak 7618 112 83 58 64 57 27 82 64 32 84 40 Selangor 55.1516 1 1 1 79 
II 2595/10 11 0 80 59 64 57 27 78 62 33 78 38 Sembilan 6204 11 0 77 57 60 55 26 79 59 32 80 39 
cc 
0 
II 7615 11 4 59 61 - 58 JO 82 
- 33 84 46 
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1 Table 3 (cont. ) 
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Location 0::::: U) ~ ~ ~ ~ ~ ~ ~ <I:; ~ 0:: 
Sembilan 7596 106 75 55 63 56 25 77 62 35 79 41 
Pahang 110/14 11 2 77 60 62 59 27 79 61 37 82 40 
11 55 . 1514 11 6 77 
Malacca 2567/10 1 1 1 78 59 60 57 29 81 58 32 84 42 
x Pen . Malaya n =9 111 . 3 78.3 58. 1 62.0 57.0 27.3 79.7 61 . 0 33.4 81 . 6 40.9 (n=8) (n=7) (n=6) 
a 2.78 2.43 1 . 67 1 . 7 3 1 . 29 1 . 70 1 . 97 2. 1 9 1 . 90 2.57 2 . 60 
Malay 
x Peninsula n =9 11 4. 7 80 .2 58.3 62.7 57.0 29 .1 81 . 7 62.0 34.0 83 . 4 42 . 7 
a 7.25 4.75 1 . 5 8 2.06 1 . 22 4.28 4.30 2.82 2 . 23 4 . 33 4 . 27 ( n= 1 2 ) ( n= 11 ) ( n=8) ( n=s) 
(Sumatra) 
Aceh 6480 124 80 56 63 55 32 89 62 37 89 47 
Bengkulu 6477 11 7 79 54 62 56 32 84 60 35 89 45 
11 6479 11 6 83 58 64 60 32 86 60 32 85 45 OJ __. 
- 1190 0 80 . 7 56 . 0 63.0 57 . 0 32 . 0 86 . 3 60 . 7 34.7 87 . 7 45 . 7 X Sumat ra n =3 
a 4 . 35 2 . 08 2 . 00 1 . 00 2 .64 - 2 . 51 1 . 1 5 2 . 51 2 . 30 1 . 1 5 
~ 
Table 3 (cont.) 
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Wynkoo ps Ba y 2062 0 125 83 57 65 58 33 91 64 36 94 51 
Bogor 1884 127 89 61 68 58 32 92 68 38 93 49 
II 205 2 11 0 75 57 58 51 28 80 56 35 82 39 
Pu r wakar t a 648 4 1 21 84 58 66 55 33 90 62 36 92 46 
Band un g 957 11 0 73 54 60 51 26 80 59 32 80 40 
I Ban t am 6382 11 8 83 56 62 54 29 85 63 37 91 43 
II 6483 122 
- 57 65 54 32 90 62 39 92 46 
Slama t 574 130 88 61 70 62 34 94 69 36 96 52 
- J a v a T) = 8 120.4 57.6 64.3 62.9 36. 1 
X 82. 1 55.4 30.9 87.8 90.0 45 . 8 ( n=7) 
a 7.38 6.06 2.38 4.02 3.77 2.85 5. 41 4.29 2. 1 0 5.78 4 . 83 (Borneo : 
Kalimantan/ 
co Sa rawak) 
l\J Landak 6519 11 8 
- 61 63 60 30 83 60 34 87 44 II 6520 109 
- 56 57 53 27 78 
- 31 80 39 
... ---· 
-.... - -
-
I 
~ 
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.. co Cl) H +> CJ H H ·rl rl rl 0 e co 
•rl •rl rl co 'D ..0 co z 0 CJ 
..0 H co rl rl ~ •rl H rl 
rl tl.O ~ H ~ •rl co co Q) ro +> • ~ •rl 0 co CJ Cl) e CJ ~ Cl) C+--l ~ t-;J co co co •rl Cl) co 0 ~ ·rl ·rl Location Q) ·rl H ~ ~ ~ ~ c::;:: ~ ~ ~ (/) ~ ~ ~ 
Riam Dist. 6518 112 85 58 67 59 30 79 65 32 82 40 
Sampit 6516 113 80 58 63 57 27 79 61 31 80 42 
" 6517 104 71 56 59 49 . 25 72 56 28 74 36 
Saribas 326 125 78 61 65 56 29 88 63 35 89 47 
" 55.711 119 80 
Belaga 51 . 69 11 5 78 
Kalimantan/ 
x Sarawak n = 8 11 4. 4 78.8 58.3 62.3 55.7 28.0 79.8 61 . 0 31 . 8 82.0 41 . 3 
a 6.45 4.54 2.25 3.72 4.08 2.00 5.34 3.39 2.48 5.40 3.88 
( n=8) ( n= 5) 
(Borneo : 
Sabah/ 
Bulungan) 
Bulungan 6513 11 0 73 56 59 54 27 79 56 31 81 39 
Mt.Kinabalu 3647 1 21 85 57 65 59 31 88 65 39 89 45 (X) vJ 
11 3653 11 9 82 59 63 60 31 85 63 36 88 45 
~ 
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·rl H ·rl •rl cu cu ·rl U) cu 0 Location ~ U) c:q c:q c:q c:q ~ c:q c:q ~ ~ ~ 
Sandakan 3258 1 1 0 76 57 58 57 27 79 57 36 80 40 
Sabah/ 
x Bulungan n = 4 11 5. 0 79.0 57.3 61 . 3 57.5 29 .0 82.8 60.3 35.5 84 . 5 42 . 3 
a 5.83 5.47 1 . 25 3.30 2 .64 2 .30 4.50 4.42 3.31 4.65 3 . 20 
(Less er Sunda 
Islands) 
Bali 6522 11 9 85 56 62 58 30 85 61 38 - 48 
II 6523 113 79 58 62 54 28 80 59 37 84 43 
-
X Bali Tl =2 11 6. 0 82.0 57.0 62.0 56.0 29.0 82.5 60 . 0 37.5 84 . 0 45 . 5 
Sumbawa 6530 126 84 59 63 59 32 90 62 41 94 51 
II 6531 112 77 54 61 54 28 82 61 34 84 47 
-
X Sumbawa Tl =2 11 9. 0 80.0 56.5 62 . 0 56.5 30.0 86.0 61 . 5 37.5 89.0 49 . 0 
Sumba 866 121 81 55 64 57 32 86 61 38 88 45 
Flores 2387 11 7 79 52 60 55 31 82 58 37 87 46 
(X) 
+:'-
~ 
Table 3 (cont.) 1 
~ 
..µ 
ro rJ.2 
... ~ ~ 
p::j :: :: :: ..µ ~ s ~ ..µ 
~ ~ ..µ cu ..µ tu) :: 
~ u H tu) ..µ ro o::: ro ... 
..p 
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• rl ~ ·rl H ~ ·rl cd cd Q) ro ..µ 
C+-, ~ t-'1 cd 0 cd u rJ.2 s u ~ rJ.2 
Q) ~ 
·rl H ·rl •rl cd cd ·rl rJ.2 cd 0 
Loca tion p::; CJ) p::j p::j p::j p::j rr... p::j p::j c:::i:: ~ p::; 
(Mala cca Str. 
Islands) 
K.Pipidon 196/19 119 81 58 64 56 29 84 60 37 90 43 
P . Teliburn 527.17 130 - 60 68 5'8 JO 93 67 41 95 51 
Penang I . 55.1521 11 4 77 
11 1414/11 113 75 54 57 53 31 80 57 33 83 45 
11 1416/11 ' 11 8 76 56 60 53 27 77 60 33 80 41 
11 1417/11 1 1 1 74 54 58 53 27 79 57 33 81 45 
11 1418/11 109 72 55 56 53 26 78 55 34 77 40 
x Penang I . n =4 11 3 . 0 74.8 54.8 57.8 53.0 27.8 78.5 57. J 33.3 80 . J 42 . 8 
0 3.39 1 . 92 0.95 1 . 70 - 2.21 1 . 29 2.06 a.so 2.50 2 . 62 
(n=5) ( n = 5) 
(Riau 
Archipelago) 
P .Durian 241 11 0 72 54 60 51 25 80 60 33 80 42 cc 
\JI 
P . Bintang 2787 1 OJ 74 51 56 49 26 73 55 31 76 38 
~ 
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P .Mapor 418/15 113 73 54 61 51 29 81 60 33 82 43 
P . Nguwal 7605 105 70 56 56 52 25 76 56 34 76 37 
P . Galang 7623 11 7 79 57 65 58 28 85 65 40 85 44 
(8th . Ch ina 
Sea Is .. ) 
(Sth .Natuna) 
P 0 Sii"hassen 6069 11 8 76 55 58 54 25 82 56 33 84 43 
II 6071 1 1 1 73 55 60 54 25 77 57 33 78 41 
tt 6073 117 82 59 67 60 31 82 66 40 89 45 
x Sth . Na tuna Is. Tl ==3 11 5. 3 77.0 56.J 61 . 7 56.0 27.0 80.J 59.7 35.J 83 . 7 43 . 0 
a 3.79 4.58 2.30 4.72 J.46 J.46 2.88 5.50 4.04 5.50 2 . 00 
(Nth .Natuna Is.) 
Bunguran I. 596 1 1 0 71 54 - 52 26 77 
- 31 82 40 
(Anambas Is . ) 
OJ 
°' 
P.Siantan 2585 11 8 79 57 68 60 31 85 67 38 86 46 
" 2712 117 77 57 63 56 JO 82 63 35 82 42 
-· - -- ------- -·- ___ , -----
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-
X Anambas Is. n =2 11 7. 5 78.0 57.0 65.5 58.0 30.5 83.5 65.0 36.5 84.0 44.0 
P.Condore 39.893 117 80 
Gt.Redang Is. 2071/10 107 73 56 57 50 28 77 56 31 79 38 
P.Tinggi 413/15 1 08 70 55 57 51 27 74 57 34 78 40 
II 55.1527 121 82 
- 76.0 X P .Tinggi n =2 11 4. 5 55.0 57.0 51 . 0 27.0 74.0 57.0 34.0 78.0 40 . 0 l 
P . Tioman 55.1524 1 08 73 
P.Tioman & 
x P.Tinggi n =3 11 2. 3 75.0 55.0 57.0 51 . 0 27.0 74.0 57.0 34.0 78.0 40.0 
(Islands Off 
Borneo & Java) 
P . Karimunjawa 1454 124 84 .61 63 56 27 92 62 - - 46 
P.Bawean 1843 120 82 57 63 58 31 86 62 36 89 44 
II 1846 119 84 58 67 59 29 86 63 39 85 43 (XJ 
-..J 
x p . Ba wean n =2 11 9. 5 83.0 57.5 65.0 58.5 30.0 86.0 62.5 37.5 87.0 43.5 
~ 
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·ri cu cu ·r-i (/) cu 0 Loc a t ion ~ U) p:) p:) p:) p:) ~ p:) p:) ~ ~ ~ 
Bangu ey Is . 3413 123 86 61 66 60 31 89 68 38 91 45 
P . Ka r i ma t a 2915 1 1 1 76 54 62 52 29 78 62 34 80 43 
Size Variation in Adult Male M. nemestrina 
(Pen . Burm a ) 
Tenasse ri m Miller 1906 136 
II II 130 
(Pen . 
Thailand) 
Trang II 14 7 
II 1215/10 1 54 102 
Pen . Burma/ 
><Thailand n =4 1 41 . 8 10 2 
(X) 
0 10. 78 - (X) 
~ 
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Location ~ Cl) ~ 
(Pen . Malaya) 
Selango r 6203 147 95 
II 3109 1 52 101 
II 2201/08 152 98 
II 55.15.03 1 51 92 
Klang 2592/10 139 88 
Perak 55.15.01 142 90 
Pahang 55.15.02 1 51 100 
x Pen . Malaya Tl =7 14 7. 7 94.9 
a 5.28 5.04 
x Malay Peninsula Tl = 11 145.5 95.8 
a 7.79 5.31 
( n= 8) 
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Q) ~ ·rl H ·rl •rl m m ·rl Cf.) m 0 
Location 0:: en m m m m µ... m m <t; ~ 0:: 
(Sumatra) 
Palembang 6489 145 92 68 75 70 37 105 74 44 105 63 
fl 6504 1 54 11 4 62 85 73 39 11 5 81 45 11 6 68 
11 6497 152 96 70 89 75 40 109 78 47 11 2 65 
" 6498 152 90 70 71 71 33 1 08 70 38 109 62 
If 6487 136 86 66 72 63 32 98 70 41 98 53 
fl 6486 I 143 90 68 73 70 35 1 01 74 40 104 60 
11 1938.11 . 30 1 54 101 
Bengkulu 6502 169 11 8 
11 6495 162 11 3 71 89 81 46 120 88 49 124 75 
fl 6492 164 98 70 79 79 43 124 78 47 11 7 72 
Pasi (Aceh) 6503 160 11 5 72 81 75 40 11 9 80 42 120 66 
- 68.6 '° X Sumatra n = 11 1 53. 7 101 . 2 79.3 73.0 38.3 111 . 0 77.0 43.7 111 . 7 64 . 9 0 
0 9 .7 8 11 . 7 4 3.04 7. 1 0 5 .36 4 .58 9.00 5 .74 3 . 67 8 . 4 1 8 .. 0 5 
Bangka I . 6501 158 97 71 81 74 37 1 1 8 80 - 11 6 67 
~ 
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(Borneo) 
N. E . Borneo : 
Sapagaya R . Lyon 1907 1 45. 6 104.0 
West Borneo 11 153. 0 96.0 
II 
" 160.0 95.0 
11 11 1 54 . 0 96.o 
Saribas 55 . 707 
I 
159.0 99.0 
Peleben 6532 155.0 1 01 . 0 72.0 80 .0 77.0 40.0 108.0 78.0 50 . 0 11 5 . 0 68 . 
11 6533 157.0 103.0 72.0 81 . 0 80 .0 36.0 111 . 0 84 . 0 45 . 0 11 3 . G 65 . 
-
X Borneo n =7 1 54 . 8 99. 1 72.0 80 .5 78.5 38 .0 109.5 81 . 0 47 . 5 11 4. 0 66 . 
0 4 .79 3 .62 
- Malay Peninsula+ X 
Sumatra+ Bangka I 
+ Borneo n =30 1 51 . 1 
0 8.83 
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Values for fig. 2 
Location Tl b a r 
Pen . Malaya 7 -0.266 0.006 0.277 
Malay 12 -5.827 0.026 0 . 251 Peninsula 
Java 6 2.637 0.009 0 . 832 
Borneo : 
Sabah/ 4 61 . 068 -0.124 -0.7 88 
Bulungan 
Borneo : 
Kali man tan/ 4 -21. 533 0. 0 51 0.490 Sarawak 
Values for fig . 3 
Location b a r 
Malay 
-0.066 Peninsula 1 1 41 . 77 8 -0.886 
I· Java 5 4 . 942 0.003 0.610 
Borneo : 
Sabah/ 4 16 . 748 - 0 . 019 - 0 .457 Bulungan 
Borneo: 
Kalimantan/ 4 5.682 -0.002 -0.031 Sarawak 
Values for fig . 4 
Location Tl b a r 
Malay 
Peninsula 12 - 45 . 388 0 .. 432 0.914 
Java 8 5.914 0.008 0.190 
Borneo : 
Kali man tan/ 7 -16.197 0 . 1 80 0 . 561 
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fig· 5 
Macaca fascicularis - Relative Tail Len gth for 
Java , Sumatra , Borneo(Kalimantan/Sarawak ) and Borneo (Sabah/Bulungan). 
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Macaca fascicularis - Relative Tail Length for 
South China Sea Is. and Pen.Malaya. 
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Macaca fascicularis - Relative Tail Length for Malacca Strait Islands. 
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fig.9 
Macaca fascicularis - Relative Tail Length for Riau Archipelago Specimens. 
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fig.10 
Macaca fascicularis - Relative Tail Length for 
Pp.Karimunjawa, Pp.Bawean and Banguey Is. 
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Macaca nemestrina Relative Tail Length for Sumatra and Borneo. 
I l 
Location n b a r 
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Chapter 4 
Cranial and Dental Variation 
In this chapter , evidence will be examined f or 
differences in cranial proportions between populati on s ampl es 
of the two macaque species; and in dental measurements a n d 
proportions . 
M. fascicularis 
Mainland : Three cranial specimens . of M. fascicularis we re 
examined from Pen . Burma/Th~iland, nine from Pen. Malaya , 
three from Sumatra , eight from Java and twelie - from Bo r neo . 
1 0 3 
Facial height in specimens from Pen. Burma and Thailand 
(Tenasserim and Tamarat) are considerably larger (av. 35 . 5mm) 
than those from Pen . Malaya (av. 27.3mm) (Table 3). 
Considerable heterogeneity is evident, however, over t he whole 
Malay Peninsula with little evidence for clines - at l east in 
this anatomical feature . Variation is similarly evid e n t fo r 
mandible length : ascending ramus length, faci al he i ght : 
rostral l ength , basal length : biauricul ar breadth , skull 
l ength : braincase breadth , and skul l l e n g th : b i zygomatic 
breadth ; a good correlation is eviden t ov e r Pen . Malaya for 
biorbita l b readth: bimalar br e ad th . These graphs are not 
r e pr od u ced he re; simi l ar ly othe r graphs referred to in this 
chapt e r a r e not reproduc ed unles s so ind i cated . However, in 
al l cas es i ndividual va l u es are listed i n Table 3 . 
Some v a ria t i on is also evident for braincase breadth : 
skull length (fig . 12) . Although specimens from Pen . Burma 
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(Tenasserim) are greater in skull length than those from 
Pen. Malaya, and some clinal trend is evident over the latter, 
one specimen from Malacca (furthest south 0f the Malayan 
specimens examined) exceeds the value for Selangor while one 
individual from Sembilan exceeds the Perak value (see Table 3). 
Overall, however, the measurements generally support 
the hypothesis of a cline over the Malay Peninsula. 
Sumatra: Very little, although statistically significant, 
data were obtained from Sumatra. Of the three specimens 
examined, two were from Bengkulu, the other from Aceh, 
representing opposite ends of the island. In some features 
the Bengkulu specimens are very dissimilar: e.g. mandible 
length, biorbital breadth, bizygomatic breadth, braincase 
breadth and biauricular breadth (Table 3). In facial height 
the Bengkulu average of 32.0mm equals that for Aceh. The 
latter, however, exceeds the Bengkulu average in such 
craniofacial features as skull length, basal length, bimalar 
breadth, ascending ramus length, mandible length, rostral 
1 3 1 1 1 2 
length, -and M and M breadth, C -C breadth and I - breadth 
(Tables 3,6,8-10); further, average cranial measurements for 
Aceh generally exceed those for Pen. Malaya and fall 
approximately between the latter and Pen. Thailand. 
Overall, Sumatra all but equals (<1mm difference) Pen. 
Malaya for such cranial features as biauricular and bimalar 
breadth (Table 3) , although a much greater sample is required 
from Sumatra in order to draw conclusions as to clinal 
tendencies and relationships with Pen. Malaya and also Java 
and Borneo. Recall that in head and body and tail length 
(Chapter 3 and Table 2) and cranial and toothrow length 
(Table 3 & 5), Sumatra overlaps with Pen. Malaya, Borneo 
and Java; except with Malaya for skull length (very close), 
and Borneo (Kalimantan/Sarawak) for toothrow length (close). 
It was in relative tail length and skin colour (especially 
the latter) that Sumatra was found in the previous chapter 
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to be most clearly distinct from the Malay Peninsula and Riau 
Archipelago Is. (except P. Durian & P. Sugi); also Borneo. and 
Java, and to this must be added data in fig. 26, in which 
little parallelism is evident _ between Malaya and Sumatra, or 
between either of them and Borneo and Java. 
Borneo:(including Banguey Is.) Unlike the Malay Peninsula, 
Borneo and Java show good correlations for such craniofacial 
features as: braincase breadth: skull length (fig. 13), 
facial height : rostral length, and mandible length: ascending 
ramus length. Like Pen. Malaya, however, a high correlation 
is evident for biorbital : bimalar breadth (Table 3). Perhaps, 
being islands, Borneo and Java are not subject to gene-flow 
from a divergently specialised neighbouring gene-pool? 
Average craniofacial measurements for Bornean specimens 
indicate that generally the values for northern Borneo (Sabah) 
are higher than those for Kalimantan and Sarawak (Table 3); 
only in biorbital, birnalar and braincase breadth are the values 
less than the average from the latter two locations (ibid). 
This contradicts head and body length data (fig. 2 ; Chapter 3) 
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which suggest a decreas e in size from Saribas (Sarawak) to 
Mt. Kinabalu (Sabah); thus it appears that although head and 
body size decreases with increased latitude, the majority of 
craniofacial measurements increase. More data may resolve this 
anomaly; possibly flesh measurements are in error. 
Of particular interest are specimens from Saribas and 
Banguey Islands ]the latter located off Sabah). Highly 
correlated craniofacial variables such as those in figs. 13 & 
16 (the latter biauricular breadth: basal length), show the 
Banguey Is. to be considerably larger than those from Sabah 
and the remainder of Borneo. This seems to reinforce head and 
body data suggesting that th~ Banguey Is. are inhabited by a 
different subspecies to that on Sabah; continuation of a cline 
should also not be overlooked. Distinction from Sabah is also 
evident in head and body and tail length supporting distinction 
of Banguey as a separate race; no name is available. 
The separation of Banguey from Borneo (Sabah) is 
dQtain 
supported (partly) byAfig. 25, the former being larger in 
every feature compared. Parallelism is, however, evident with 
Sabah in nearly all cranial and facial features compared, 
suggesting the two to be more closely related than appears 
from the overall measurements. Greatest log ratio difference 
appears to exist in bimalar breadth, Banguey increasing in 
breadth , Sabah decreasing. 
The specimens from Saribas are larger than Kalimantan 
specimens in many features e.g. skull length, rostral length, 
length of ascending ramus, mandible length and basal length 
(Table 3); they also exceed Sabah in skull length (ibid). 
I· 
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Specimens from localities in close proximity to Sarawak 
(e.g. Riam district and Landak), also display some measurements 
exceeding the values for the rest of Kalimantan, for example 
in the former (Riam): bizygomatic breadth, biorbital breadth 
and bimalar breadth; the two Landak specimens display much 
heterogeneity between their measurements, one specimen 
(No. 6519) being larger than the rest of Kalimantan for most 
measurements, the other (No. 6520) falling within the general 
range for the Kalimantan/Sarawak craniofacial values (Table 3). 
The skin colour differences and head and body size differences 
between Sabah (including Bulungan) and the remainder of Borneo 
are reinforced by fig. 26, S~bah being larger in all but 
braincase breadth and nearly equal to Kalimantan/Sarawak in 
biorbital breadth. Both are clearly distinct from the Malay 
Peninsula, Sumatra and Java. 
Java: Specimens from Java were only available from Central 
and West Java; no specimens from East Java are held in either 
Bogar or Singapore collections. Bearing this limitation in 
mind, it is evident that maximum individual values (for all 
craniofacial variables except bizygomatic and braincase breadth 
and length of ascending ramus (and excluding dentiti on)) 
come from Slamat in Central Java. 
The two Bogar specimens differ considerably from one 
another: skull length 110mm and 127mm, and bizygomatic breadth 
75mm and 89mm (Table 3); variation between other West Java 
specimens is not as pron ounced , and there is little suggestion 
of clines. 
r 
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Colour variation and relative tail length differences 
(Chapters 2 & 3) were found to distinguish Java from Sumatra 
and Borneo, which skull and toothrow length suggest a closer 
relationship with Sumatra than Borneo (Kalimantan/Sarawak) . 
The separation of Java from these islands is supported byd~+a ,~ 
fig. 26, little parallelism being evident with Sumatra and 
Kalimantan/Sarawak. 
From Table 4 it will be seen that the skull 
measurements of Pen. Thailand are closer to those from Java, 
Sumatra and Borneo than to Malaya. As indicated in previous 
chapters, the data are most readily interpreted as following 
a North-South cline down the peninsula. 
Table 4 Average Craniofacial Measurements for the 
Malay Peninsula, Sumatra, Borneo and Java. 
M. fascicularis 
Craniofacial Pen: 
Features Thailand 
Skull 
length 
Braincase 
Breadth 
Bizygomatic 
Breadth 
Facial 
Height 
Biorbital 
Breadth 
Bimalar 
Breadth 
Postorbital 
Constriction 
Ascendin g 
Ramus Length 
Mandibl e 
Length 
n 
(mm) 
124.7 
59.0 
85 . 3 
35.5 
65.0 
65.0 
39.0 
36.0 
90 . 0 
( 3) 
Pen. 
Malaya 
(mm) 
111 . 3 
5 8. 1 
78.3 
27.3 
62.0 
61 . 0 
39 . 8 
33.4 
81 . 6 
( 9) 
Sumatra 
(mm) 
11 9. 0 
56.0 
80.7 
32.0 
63.0 
60.7 
39.6 
34 .7 
87 . 7 
( 3) 
+includes Pen . Burma . 
Borneo 
Kalimantan/ 
Sarawak 
(mm) 
11 4. 4 
58.3 
78.8 
28.0 
- 62. 3 
61 . 0 
41 . 1 
31 . 8 
82 . 0 
( 6) 
" 
-,, 
~~ 
Sabah Java 
(mm) (mm) 
115.0 120.4 
57.3 
79.0 
29.0 
61 . 3 
60.3 
40.9 
35.5 
84 . 5 
( 4) 
57.6 
82. 1 
30.9 
62.9 
41 . 1 
36. 1 
90.0 
(8) 
includes Bul un gan. 
Disregarding Sumatra for a moment, the specimens from 
Pen. Malaya are considerably closer in craniofacia l 
measurements (except braincase breadth) to the Borneo 
(Kalimantan/Sarawak) average than to Java; and the latter 
is closer in overall craniofacial measurements (except 
biorbital and bimalar breadth) to Borneo than to Pen. Malaya 
(Table 4, fig. 17); this situation is to be expected 
considering Pleistocene geography and possible migration 
routes to be discussed later in this paper. Extra data from 
Sumatra may possibly indicate a closer relationship with 
Borneo than the latter with Pen, Malaya; but the material 
from Sumatra is extremely sparse. 
3 3 
Maximum and minimum values for P -M toothrow length 
show that specimens from Pen. Thailand are generally larger 
than those from Pen. Malaya ranging from 28mm - 30mm (x29mm) 
in the former and 25mm - 30mm (x28.3mm 01.7mm) in the latter 
(Table 5). There is overlap between the two regions, 
supporting the idea of a clinal trend from North to South 
Malay Peninsula. 
Toothrow values for Sumatra and Java overlap when 
standard -deviation is taken into consideration (Table 5). 
There's less overlap between Sumatra and Pen. Malaya; and 
none between Sumatra and Borneo (Kalimantan/Sarawak); there 
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is, however, much overlap between Java and Borneo (Kalimantan/ 
Sarawak) . The range for Sumatra is 30mm - 31mm (x30.3mm 00.58mm); 
Java 26mm - 35mm (x31 .6mm 02.88mm); and Borneo (Kalimantan/ 
Sarawak) 28mm - 29mm (x28.3~m 00.52mm). Java appears very 
heterogeneous in toothrow length . 
Toothrow values alone for the Malay Peninsula, Sumatra, 
11 0 
Java and Borneo may be considered too close to each other 
for satisfactory distinction between the localities, but 
taken in conjunction with skin colour and head and body, tail 
and skull measurements, are sufficiently distinct to relegate 
all four locations into at least five separate subspecies 
(taking the Borneo heterogeneity into account - see above). 
Sody (1949:130-131), considering toothrow measurements 
from Sumatra, Java and Borneo (this author examined many of 
the same specimens), likewise concluded that the average 
differences were sufficiently great to separate Java from 
Sumatra and Borneo. He stated in addition that Sumatra averages 
slightly larger in toothrow length than Borneo (ibid). This 
study agrees with Sody, namely that Sumatra averages a larger 
toothrow length than Borneo: Kalimantan/Sarawak and Sabah/ 
Bulungan, two races being distinguished on the island (see 
above and previous chapters) (the data also indicate no 
overlap in size between Sumatra and Borneo (Kalimantan/ 
Sarawak) although they are very close), but disagrees with 
him (at least tentatively and subject to more data) that Java's 
toothrow measurements alone are sufficiently great to separate 
it from Sumatra and Borneo; the measurements in fact, (Table 5) 
indicate for Java the average± one standard deviation overlaps 
that for Sumatra and Borneo (Kalimantan/Sarawak). 
1 - 2 
There does n0t appear to be much difference in M 
breadth over the Malay Peninsula with overlapping averag e 
measurements (Table 6-7). 
Java displays the largest overall average breadth for 
1 3 
M - . As with toothrow length, there is overlap between Java 
and Borneo (Kalimantan/Sarawak), and the former and Sumatra 
(Tables 6-8). 
Very little difference appears to exist between the 
1 - 2 
above localities in average alveolar incisor breadth I 
(Table 9), but Pen. Thailand displays the largest value and 
a good gradation of increasing size is evident from Java to 
Pen. Thailand. A similar closeness of averages is evident 
1 - 1 
for bicanine breadth C (Table 10). Range overlap exists 
1-2 1-1 
between Pen. Malaya and Sumatra for both I and C 
measurements. 
1 - 3 
1 1 1 
As with the values for toothrow and M breadth, Java 
has the highest value for bicanine breadth, . but Pen . Thailand 
1 - 2 
has the highest value fer I - alveolar breadth. 
Lesser Sunda Islands: A very small number of specimens was 
available from the Lesser Sunda Islands: Bali (2), Sumbawa 
(2), Sumba (1), and Flores (1), a number inadequate for 
statistical comparison. All that can possibly be said for the 
former is that while its average measurement for skull length 
approaches Borneo closer than neighbouring Java (Table 3; 
fig. 14), toothrow length (Table 11) reveals considerable 
difference between the two islands, with an average close to 
that for Java. 
In average toothrow measurements (Table 11), the 
Sumbawa specimens show a nice relationship with Bali; and the 
Sumba specimen is only slightly smaller. Maximum length is 
shared by Flores and Bali, Sumbawa being only slightly 
smaller . All locations are larger than Borneo (Kalimantan/ 
Sarawak) and Java ; however, Sumbawa is slightly smaller than 
11 2 
Java; and Sumba is exceeded by both Borneo (Kalimantan/Sarawak) 
and Java. 
1 - 3 
Not much difference is evident for M breadth over 
the above localities (Tables 12 & 13), but Bali is clearly 
3 
larger in M breadth, even exceeding the average for Java 
although they do overlap (Table 14). 
A nice toothrow length gradation appears to exist from 
Sumba through Sumbawa into Bali; Java, however, does not 
conform with this apparent trend, being slightly smaller than 
the latter two. 
1 - 2 
Flores has the maximum size for I breadth; and Sumba 
1 - 1 
for C breadth (Tables 15 & 16). The dental values for this 
region are so few in number -apd conflicting in measurement as 
to confuse any attempt at evaluating the island relationships. 
The difference between Bali and Java and also the 
remainder of the Lesser Sunda Islands is supported by fig. 23; 
Bali is larger in braincase breadth but smaller in every other 
craniofacial feature except length of ascending ramus. Both 
Bali and the other Lesser Sunda Islands fall within the 
standard deviation limits of Java. 
South China Sea Islands: A similar shortage of specimens 
exists for the east coast islands (South China Sea) off 
P en . Ma 1 a ya : Gt . Red an g I s . ( 1 ) , Bun gu ran I . ( 1 ) , P . S i r ha s s en 
(3), P. Siantan (2), P. Tinggi (2) and K. Kram (1). 
1 - 3 
Toothrow and molar (M ) measurements (Tables 17-20) 
do not show much difference between the specimens except for 
K. Kram and P. Tinggi, the former displaying the highest 
1 3 
values for toothrow , M and M breadth, and equalling 
2 
P. Tinggi for M breadth. Specimens from the Anambas Is. 
1-2 1-1 
(P. Siantan) average the maximum for I and C 
measurements, K. Kram and P. Tinggi having the next highest 
values (Tables 21 & 22). 
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The available data for craniofacial and dental 
measurements indicate considerable diversity between these 
island specimens; skin colours, and head and body and tail 
measurements were also found to be very diverse (see previous 
chapters). 
The separation of the Sth. Natuna Is. (P. Sirhassen), 
Nth. Natuna Is. (Bunguran I.), Gt. Redang Is., the islands 
of Tiornan and Tinggi and Anambas Is. is supported by figs. 
24 & 25; much difference is evident between all the locations, 
the Malay Peninsula and the two Borneos geographic samples. 
Straits of Malacca (West Coast Malay Peninsula): A clear 
distinction also appears to exist between populations 
inhabiting the islands off west coast Malay Peninsula. Data 
from highly correlated craniofacial variables such as 
biauricul~r breadth : basal length (fig. 18) indicate that 
as a general rule specimens from off Pen. Thailand are 
greater in size than those from off Pen. Malaya, paralleling 
the relationships on the opposite mainland. This is also 
evident in braincase breadth: skull length (fig. 19). 
Figures 18 & 19 also indicate a close relationship between 
the Penang island mean and the mainland opposite (Pen. Malaya); 
and between Pen. Thailand and the mean for P . Telibum, T. Poh 
and K. Pipidon . The considerable individual variation apparent 
11 4 
over the islands generally conformsto a gradient of increasing 
size northwards, such that specimens from off Pen . Thailand 
are on the whole larger than those from more southerly 
locations. 
Toothrow measurements similarly show specimens from 
Penang island to be smaller than those from more northerly 
islands (Table 23); the average value is very close to that 
for Pen. Malaya. Specimens from off Pen. Thailand are by 
contrast considerably larger than the mainland average opposite 
1 - 3 
and also Pen. Malaya in toothrow length; also in molar M 
1 - 1 
and bicanine C breadth (Tables 24-26 & 28). 
1hat 
Although the data are few, it does appear~the west 
coast island specimens represent the same subspecies as found 
on the mainland opposite; thus supporting the findings on 
skin colour, and head and body, and tail measurements 
(Chapters 2 & 3). This information plus that from craniofacial 
and dental variation between the locations reflect a gradation 
of increasing size northwards similar to but not precisely 
paralleling that occurring on the Mainland. 
Riau Archipelago Is: Like specimens from off west coast Malay 
Peninsula, those from Riau Archipelago show a low but 
significant correlation for braincase ~ skull length (fig. 20) , 
indicating considerable variation between the various island 
specimens examined . Comparison of toothrow averages from 
individual Riau Archipelago islands with those from Pen. Malaya , 
Sumatra and Borneo reveal that the following insular specimens 
fall outside the first standard deviation limits of large-
island samples : P. Bintang and Pen . Malaya (the latter averages 
28.3mm 01.70mm); P. Bintang and Sumatra and Borneo (both 
races); P. Durian and Sumatra; and P. Galang and Sumatra. 
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P. Mapor falls within first standard deviation of Pen. Malaya 
but not of Sumatra or Borneo (Kalimantan/Sarawak) (Table 29). 
Similarly there is no overlap of the first standard deviation 
limits for the Riau Archipelago as a whole (excluding P. Durian) 
and Sumatra, whereas there is between the combined sample and 
both Malay Peninsula and both Borneo samples. 
1 - 3 
In molar breadth (M ) the range for Riau overlaps 
with those for Pen. Malaya, Sumatra and Borneo (Kalimantan/ 
1 - 2 
Sarawak); this also applies for incisor breadth (I ) and 
1 - 1 
bicanine breadth (C ) (Tables 30-34). 
Craniofacial information is insufficient to confirm 
whether more than one race exists in the Riau Archipelago 
islands, but the separation of P. Durian is supported by 
fig. 22 which shows most cranial measurements to be much 
smaller than on the mainland; also considerably smaller than 
the mean for Riau in braincase breadth, facial height, 
biauricular breadth and ascending ramus length; but larger for 
basal length, biorbital breadth and bimalar breadth. Toothrow 
measurements support head and body and tail measurements in 
indicating a closer relationship with Pen. Malaya than with 
Sumatra. 
Karimata, Karimunjawa and Bawean Is.: As above, few specimen s 
were available from the islands of Karimata, Karimunjawa and 
Bawean . It is difficult to place much interpretation on such 
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meagre data, although the information does suggest a possible 
relationship between the island specimens and the mainland 
population opposite. For example, in fig. 21 (braincase 
breadth : skull length), the two Bawean specimens show far 
greater relationship with Java than Borneo, straddling the 
Java regression slope; this is not the case for P. Karimata 
and P. Karimunjawa. Toothrow measurements to an extent support 
this, indicating a closer relationship between Bawean, but 
also Karimunjawa, with Java than Borneo; there is no overlap 
between their ranges and those for Borneo in this feature 
(Table 29). 
Other measurements possibly confuse the above suggested 
relationships: P. Karimunjaw~ falls outside the Java limits 
1-2 1-1 
in M or C breadth, and outside the Borneo (Kalimantan/ 
Sarawak) limits for all dental measurements. The P. Karimata 
specimen falls outside the Java limits for all dental 
1 
measurements except M ; and outside the Borneo (Kalimantan/ 
3 
Sarawak) limits except for M breadth. The P. Bawean and 
2 - 3 
Java ranges overlap for toothrow length, M 
1 - 1 
1-2 
breadth, I 
breadth, and C breadth; no overlap is evident between 
P. Bawean and Borneo (Kalimantan/Sarawak) for any dental 
1 = 2 
feature measured except I breadth (Tables 33 & 34). 
The difference between the Karimunjawa specimen and 
those from Bawean is further supported by fig. 23; major 
differences appear to be in such craniofacial features as 
braincase breadth, facial height, basal length, biauricular 
breadth and rostral length. The former is larger than the 
mean plus one standard deviation for Java in braincase breadth; 
and smaller in facial height; while the Bawean specimens fall 
within the standard deviation limits of Java. 
M.nemestrina 
Ten specimens were examined from Sumatra (including 
one from Bangka island), and two from Borneo. In addition 
skull measurements were obtained for the Malay Peninsula, 
Borneo and Sumatra from published literature. 
Bearing in mind the small number of specimens from 
Borneo, some craniofacial variation appears between it and 
Sumatra. Graphs displaying high correlation regression slopes 
show that for biauricular breadth : basal length (fig. 27), 
Borneo specimens fall well outside the range of Sumatra; in 
braincase breadth: skull length (fig. 28) both specimens, 
plus that from Bangka, fall on the outer boundary of the 
range for Sumatra. 
It is premature, however, to recognise multiple races. 
11 7 
It was found (Chapter 2) that skin colour supports the presence 
of only one race at these locations, any differences being 
clinal . Toothrow size shows considerable variation among the 
Sumatra specimens, ranging from 35mm - 40mm (xJ7.1mm 01.62mm) 
(Table J~). The Borneo representatives average 38mm in 
toothrow length, slightly bigger than the average for Sumatra 
(but falling within the Sumatra range); Borneo also averages 
1 - 3 
larger in breadth of M (although marginally so). A more 
1 - 1 
significant difference is evident in bicanine breadth (C ) 
1-2 
and alveolar incisor breadth (I ), Borneo being considerably 
larger than Sumatra; there was also no overlap between the two 
in the former of these features (Tables 36-40). 
3 3 1 - 2 
Bangka has the maximum values for P -M and I 
breadth ; there is also no overlap between Bangka and Sumatra 
in the second of these features . Bangka is also larger than 
11 8 
the Borneo mean for these two dental features. A larger sample, 
particularly from Borneo and Bangka, may allow for more 
reliable comparison between the two major islands and Bangka 
island . 
Little can be said from the available craniofacial 
data to either confirm or refute the existence of different 
races on Sumatra and Borneo (on this basis at least). 
Overall , however , these data (added to that for skin 
colour and head and body and tail measurements) support the 
contention of Kloss (1919) and Fooden (1975) that only one 
subspecies exists on Pen . Malaya, Sumatra, Bangka and Borneo. 
Overlap ( where data are available) exists between all these 
locations for tail , skull and toothrow length; although in 
some features Borneo remains distinct from Sumatra; the sample 
for Borneo is extremely small. 
The specimen from Sth. Pagi island (for which only head 
and body and tail measurements were available) is clearly 
different_from Sumatra , and the other locations mentioned above, 
in these features and skin colour, sufficiently to be separated 
as a distinct subspecies, although the question is more whether 
it is actually specifically distinct. 
I 
• 
r 
Summary of Findings 
In summary, it appears that for M.fascicularis the 
concept of a cline over the Malay Peninsula is supported by 
cranial and dental characters; as are the subspecific 
homogeneity of the species on Sumatra, and its equal 
heterogeneity on Borneo, separating North Borneo from 
Kalimantan/Sarawak. 
1 1 9 
In both Borneo (Kalimantan/Sarawak) and Java samples, 
skull length and braincase breadth are highly correlated, 
increasing confidence that some reliance can be placed on the 
slight but noticable difference between the two samples. These 
two samples also overlap in toothrow length, although the mean 
for Java is much greater. 
Data in this chapter suggest that Pen. Malaya may have 
greater affinity with Borneo (Kalimantan/Sarawak) than with 
Sumatra; while Java is considerably closer to Sumatra than 
Borneo (Kalimantan/Sarawak). 
Toothrow values for the Malay Peninsula, Sumatra, Java 
and Borneo (Kalimantan/Sarawak) overlap too much (except 
between Sumatra and Borneo (Kalimantan/Sarawak) which are 
close) for clear distinction to be made, and the character-
-isation of the Java race as large-toothed (Sody, 1949) is 
true on average only. 
The Bali specimen displays a closer relationship with 
Java than Borneo (Kalimantan/Sarawak), a fact to be expected 
by geography. The same is true for the other Lesser Sunda 
specimens, although there is much variability within the small 
sampl e . 
r 
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The most consistent finding of this chapt e r, supporting 
the findings of previous chapters, is the striking separation 
of macaques from Bawean and Karimunjawa islands (especially 
the latter) from all others. 
As for M.nemestrina, there is insufficient data from 
the Malay Peninsula, Bangka and Borneo to ascertain whether 
separate races inhabit them and Sumatra; but data from skull 
and toothrow measurements, as from colour and head and body 
and tail measurements, dispute any suggestion of multiple races 
in the region. 
M. fascicularis 
P2M3 Alveola r Length ( mm) Table 5 . 
I Location . 
25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 
-
a X 11 
1 1 - 29 . 00 2 Pen . Thailand 
1 1 4 1 1 . 7 0 28 . 28 7 Pen . Malaya 
2 1 0 . 58 30 . 33 3 Sumatra 
1 1 3 1 1 1 2 . 88 31 . 63 8 Java 
4 2 0 . 52 28 . 33 6 Borneo(Excl . Sabah) 
1 1 2 0.96 29 . 25 4 Borneo : Sabah 
M1 Alveolar Breadth (mm) Table 6 . 
5 6 7 8 9 
-
a X 11 Location 
2 - 6 2 Pen . Thailand 
1 4 2 0 . 69 6 . 1 4 7 Pen . Malaya 
2 1 0 . 58 6.33 3 Sumatra 
1 7 0 . 3 5 6 . 88 8 Java 
2 3 1 0 . 75 5 . 83 6 Bo rn eo(Excl . 
Sabah) 
1 3 0 . 50 5 . 75 4 Borneo : Sabah 
~ 
I\) 
~ 
~ 
M2 Alveolar Breadt h ( mm) 
5 6 7 8 9 0 
2 -
2 4 1 0.69 
3 -
1 1 6 0.74 
1 5 0. 41 
1 3 0.50 
M3 Al veolar Breadth (mm) 
5 6 7 8 9 0 
2 -
3 4 0 . 53 
1 2 0 . 58 
1 3 4 0.74 
4 2 0 . 52 
3 1 0.50 
~ 
-
X n 
7.00 2 
6. 86 7 
7.00 3 
7.63 8 
6.83 6 
6.75 4 
-
X n 
7.00 2 
6.57 7 
6 . 67 3 
7 . 38 8 
6 . 33 6 
6 . 25 4 
Table 7 . 
Location 
Pen.Thailand 
Pen.Malaya 
Sumatra 
Java 
Borneo(Excl. 
Sabah) 
Borneo:Sabah 
Table 8 
• 
Location 
Pen.Thailand 
Pen . Malaya 
Sumatra 
Java 
Borneo(Excl. 
Sabah) 
Borneo : Sabah 
~ 
(\) 
(\) 
1 1 - 2 Alveolar Breadth (mm) Table 9 . 
-
5 6 7 8 9 1 0 1 1 12 0 X n Location 
2 - 11 . 0 0 2 Pen . Thailand 
2 2 0 . L~ 9 1 0 . 71 7 Pen . Malaya 
2 1 0 . 58 10 . 33 3 Sumatra 
1 3 3 1 0 . 93 10 . 50 8 Java 
1 2 1 2 1 . 52 8 . 50 6 Borneo(Excl . 
Sabah) 
1 3 0 . 50 10 . 75 4 Borneo : Sabah 
c1 -c 1 Bicanine Alveolar Breadth (mm) Table 1 0 . 
-
26 27 28 29 JO 31 32 33 34 35 0 X n Location 
1 1 - JO . 50 2 Pen . Thailand 
1 4 1 1 1 . 62 29.57 7 Pen.Malaya 
1 1 1 2.52 32.33 3 Sumatra 
1 1 2 3 1 1 . 8 5 JJ.00 8 Java 
1 3 2 1 . 97 J0.67 6 Borneo(Excl. 
Sabah) 
1 1 1 1 2 . 65 31 . 50 4 Borneo:Sabah 
~ 
l\) 
\..0 
~ 
P~M 3 Alveolar Length (mm) 
25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 
1 1 
1 1 
1 
1 
1 1 3 1 1 1 
4 2 
~ 
-
a X 
-
32 . 00 
- 31 . 50 
-
30 . 00 
-
32 . 00 
2 . 88 31 . 63 
0.52 28 . 33 
n 
2 
2 
1 
1 
8 
6 
Table 11 
Location 
Bali 
Sumbawa 
Sumba 
Flores 
Java 
Borneo(Ex cl. 
Sabah ) 
_..l 
l\) 
.p--
"I;.:-.-.: 
1 M Alveolar Breadth (mm) Table 1 2 . . 
6 -5 7 8 9 a X n Location 
1 1 
- 6 . 50 2 Bali 
2 
- 7.00 2 Sumbawa 
1 
- 7.00 1 Sumba 
1 
- 7.00 1 Flores 
1 7 0.35 6-. 8 8 8 Java 
2 3 1 0.75 5.83 6 Borneo(Excl. 
Sabah) 
2 M Alveolar Breadth (mm) Table13 . 
6 - Location 5 7 8 9 a X n 
1 1 
- 7.00 2 Bali 
1 1 
- 7.00 2 Sumbawa 
1 
- 7.00 1 Sumba 
1 
- 7.00 1 Flores 
1 1 6 0 .74 7.63 8 Java 
~ 1 5 0.41 6.83 6 Borneo(Excl. l\.) Vl 
Sabah) 
-:.. 
M3 Alveolar Breadth (mm) Table 14. 
-
5 6 7 8 9 a X 11 Location 
2 - 8 . 00 2 Bali 
2 - 7 . 00 2 Sumbawa 
1 - 7. 00 1 Sumba 
1 - 7 . 00 1 Flo r es 
1 3 4 0 . 74 7 . 38 8 Java 
4 2 0 . 52 6 . 33 6 Borneo(Excl . Sabah) 
1 - 2 ( ) I Alveolar Breadth mm Table 15 . 
5 6 7 8 9 1 0 1 1 
-12 a X 11 Location 
2 - 9 . 00 2 Bali 
2 - 9 . 00 2 Sumbawa 
1 - 10 . 00 1 Sumba 
1 - 11 . 0 0 1 Flores 
1 3 3 1 0 . 93 1 0 . 50 8 Java 
1 2 1 2 1 . 52 8 . 50 6 Borneo(Excl . .....1. Sabah) l\) 
°' 
~ 
26 27 
1 
25 26 27 
1 
1 1 
28 
1 
1 
28 
1 
2 
1 
4 
c
1
-c
1 
Bicanine Alveolar Breadth (mm) 
29 JO 31 32 
1 
1 
1 
1 
1 1 
3 
P iM 3 Alveolar Length (mm) 
29 
1 
4 
2 
JO 
2 
31 32 33 34 
33 34 
2 3 
2 
35 36 37 
35 
1 
38 39 
-
0 X 
28.50 
- 30.00 
- 32.00 
29 .00 
1 . 8 5 33 .00 
1 . 97 30 .67 
-0 X 11 
28.00 1 
27.00 1 
0.57 28 .33 3 
1 .59 28 . 44 9 
0 . 52 28 . 33 6 
T) 
2 
2 
1 
1 
8 
6 
Table 16. 
Location 
Bali 
Surnbawa 
Sumba 
Flores 
Java 
Borneo(Excl . 
Sabah) 
Table 17 
--~-· 
Location 
Gt.Redang Is . 
Bungu ran I . 
(N.Natuna Is.) 
P .Sirhassen 
(S.Natuna Is .) 
Malay Peninsula 
Borneo (Exel. ~ 
Sabah) l\) 
--J 
pJM3 Alveolar Length (mm) Table17 (cont . ) 
25 26 27 28 29 30 31 32 33 34 35 36 36 38 39 - Location 0 X T) 
I 
1 1 - 29 . 5 2 P . Siantan 
(Anambas Is . ) 
1 - 30 . 00 1 P . Tinggi 
1 - 32 . 00 1 K. Kram 
1 1 1 4 2 1 . 59 28 . 44 9 Malay Peninsula 
4 2 0 . 52 28 . 33 6 Borneo(Excl . 
Sabah) 
1 M Alveolar Breadth (mm) Table18 
5 6 7 8 9 -0 X T) Location 
1 
- 6 . 00 1 Gt . Redang Is . 
1 
- 6 . 00 1 Bungu ran I . 
3 - 6 . 00 3 P. Sir has sen 
2 
- 6.00 1 P.Siantan 
1 
- 6.00 1 P.Tinggi 
1 
- 7.00 1 K.Kram 
1 6 2 0.60 6. 11 9 Malay Peninsula 
2 3 1 0.75 5.83 6 Borneo(Excl. 
Sabah) 
1 3 0.50 5.75 4 Borneo:Sabah 
--l 
l\) 
co 
~ 
2 (mm) Table 1 9 M Alveolar Breadth 
5 6 7 8 9 - Location 0 X n 
1 
- 7 . 00 1 Gt . Redang Is . 
1 
- 6 . 00 1 Bung uran I . 
1 2 0 . 5 '7 6 . 66 3 P . Sirhassen 
2 
- 7 . 00 2 P . Siantan 
1 
- 8 . 00 1 P . Tinggi 
1 
- 8 . 00 1 K. Kram 
2 6 1 0.60 6 . 89 9 Malay Peninsula 
1 5 0 . 41 6.83 6 Borneo(Excl. 
Sabah) 
1 3 0 . 50 6 . 75 4 Borneo : Sabah 
3 M Alveolar Breadth (mm) Table 20 
6 8 9 - Location 5 7 0 X 11 
1 
- 7.00 1 Gt . Redang Is . 
1 
- 6.00 1 Bunguran I . 
3 
-
6 . 00 3 P. Sir has sen 
2 
- 7.00 2 P.Siantan 
1 
- 7 . 00 1 P.Tinggi 
1 
-
8.00 1 K.Kram 
3 6 0.50 6.67 9 Malay Peninsula 
4 2 0.52 6.33 6 Borneo(Excl. 
Sabah) 
3 1 0.50 6.25 4 Borneo:Sabah 
.......l. 
l\.) 
'° 
1 1 - 2 AlveolarBr eadth (mm) 
5 6 7 8 9 1 0 1 1 
1 
1 
1 2 
1 
1 
1 
2 7 
1 2 1 2 
1 3 
C 1 - C 1 Bicanine Al v eolar Breadth (m m) 
26 27 28 29 30 31 32 33 34 
1 
1 
2 1 
1 1 
1 
1 
1 4 2 1 1 
1 3 2 
1 1 1 1 
~ 
-12 0 X 
-
10 . 00 
- 9 . 00 
0 . 57 10 . 66 
1 - 11 . 5 0 
-
10 . 00 
- 10 . 00 
0 . 44 10 . 78 
1 . 52 8 . 50 
0 . 50 10 . 75 
-35 0 X 
- 30 . 00 
- 28 . 00 
1 . 1 5 29 . 66 
- 33 . 50 
-
31 . 00 
-
33 . 00 
1 . 48 29 . 78 
1 . 97 30 . 67 
2 . 65 31 . 50 
n 
1 
1 
3 
2 
1 
1 
9 
6 
4 
n 
1 
1 
3 
2 
1 
1 
9 
6 
4 
Table 21 
Location 
Gt . Redang Is . 
Bu nguran I . 
P . Sir has sen 
P . Siantan 
P . Tinggi 
K. Kram 
Ma lay Peninsula 
Borneo(Excl . 
Sabah) 
Borneo : Sabah 
Table 22 
Location 
Gt . Redang Is . 
Bunguran I . 
p . s.irhas sen 
P . Siantan 
P.Tinggi 
K. Kram 
Malay Peninsula 
Borneo(Excl. 
Sabah) 
Borneo:Sabah 
~ 
vJ 
0 
P~M 3 Alveolar Length (mm) Table 23 
25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 -X Tl Location 0 
2 
- 28 . 00 2 P . Pintu 
3 1 0.50 28 . 25 4 Penang I . 
1 
- 32 . 00 1 K, Pipidon 
1 - 33 . 00 1 P . Telibum 
1 
- 32 . 00 1 T . Poh 
1 - 34 . 00 1 P . Pak Chong 
1 1 1 4 2 1 . 5 9 28 . 44 9 Malay Peninsula 
1 Table M Alveolar Breadth (mm) 24 
5 6 7 8 9 -0 X Tl Location 
4 - 6.00 4 Penang I. 
1 - 8.00 1 K.Pipidon 
1 - 8.00 1 P.Telibum 
1 - 7.00 1 T .Poh 
1 - 7.00 1 P.Pak Chong 
1 6 2 0.60 6. 11 9 Malay Peninsula .J 
vJ 
.J 
~ 
2 M Alveolar Breadth (mm) 
5 6 7 8 9 1 0 0 
4 -
1 -
1 -
1 -
1 -
2 6 1 0 . 60 
M3 Al v eolar Breadth (mm) 
5 6 7 8 9 0 
1 3 0 . 50 
1 -
1 -
1 -
1 -
3 6 0 . 50 
~ 
-
X Tl 
7 . 00 4 
9 .0 0 1 
10 .0 0 1 
8 . 00 1 
8 . 00 1 
6 . 89 9 
-
X Tl 
6 . 75 4 
9 . 00 1 
8.00 1 
8.00 1 
8 . 00 1 
6 . 67 9 
Table 25 
Location 
Penang I . 
K. Pipidon 
P . Telibum 
T . Poh 
P . Pak Chong 
Malay Peninsu l a 
Table 26 
Location 
Penang I . 
K. Pipidon 
P . Telibum 
T. P oh 
P . Pak Ch ong 
Malay Pen ins u la 
~ 
\....0 
N 
1 - 2 ( ) I Alveolar Breadth mm 
8 9 1 0 1 1 12 13 14 a 
1 1 2 0 . 96 
1 
-
1 
-
1 
-
1 
-
2 7 0 . 44 
C 1 - C 1 Bicanine Alveolar Breadth (mm) , 
26 27 28 29 30 31 32 33 34 35 36 a 
1 3 1 . 5 0 
1 
-
1 
-
1 
-
1 
-
1 4 2 1 1 1 . 48 
-
X 11 
10 . 25 4 
10 . 00 1 
13 . 00 1 
11 . 0 0 1 
11 . 00 1 
10 . 78 9 
-
X 11 
30.25 4 
31 . 00 1 
36.00 1 
33.00 1 
31 . 00 1 
29.78 9 
Table 27 
Location 
Penang I . 
K. Pipidon 
P . Telibum 
T. Poh 
P . Pak Chong 
Malay Peninsula 
Table 28 
Location 
Penang I. 
K.Pipido n 
P.Telibum 
T.Poh 
P.Pak Chong 
Malay Peninsula 
--l. 
\...0 
\...0 
P~M 3 Alveolar Length (mm) 
25 26 27 28 29 30 31 32 33 34 35 36 a 
1 -
1 
-
1 
-
1 
-
1 
-
1 . 5 0 
1 1 1 4 2 1 . 5 9 
2 1 0 . 58 
1 
-
1 1 
-
1 
-
1 1 3 1 1 1 2.88 
4 2 0.52 
1 1 2 0 . 96 
-
X f) 
26 . 00 1 
29 .0 0 1 
26 .00 1 
28 . 00 1 
28 .00 1 
27 .25 4 
28 . 44 9 
30 .33 3 
32 . 00 1 
32 . 50 2 
30.00 1 
31 . 63 8 
28.33 6 
29.25 4 
Table 29 
Location 
P.Nguwal 
P . Mapor 
P . Bintan 
P.Galang 
P . Durian 
Riau Ar chip . 
(Exel . Durian) 
Malay Peninsula 
Sumatra 
P . Karimunjawa 
P.Bawean 
P.Karimata 
Java 
Borneo(Excl. 
Sabah) 
Borneo:Sabah 
--l. 
vJ 
~ 
1 M Alveolar Breadth (mm) 
5 6 7 8 9 a 
1 -
1 -
1 -
1 -
1 -
0 . 58 
1 6 2 0 . 60 
2 1 0 . 58 
1 -
1 1 -
1 -
1 7 0 .3 5 
2 3 1 0.75 
1 3 0.50 
~ 
-
X 11 
6.00 1 
6 . 00 1 
5 . 00 1 
5 .00 1 
6 . 00 1 
5 . 50 4 
6. 11 9 
6 . 33 3 
8 . 00 1 
7.50 2 
6.00 1 
6 .8 8 8 
5.83 6 
5.75 4 
Table 30 
Location 
P . Nguwal 
P . Mapor 
P . Bintan 
P . Galang 
P . Durian 
Riau Archip . 
(Exel . Durian) 
Malay Peninsula 
Sumatra 
P.Karimunjawa 
P.Bawean 
P.Karimata 
Java 
Borneo(Excl. 
Sabah) 
Borneo:Sabah 
~ 
\..JJ 
\JI 
2 
M Alveolar Bread th (mm) 
5 6 7 8 9 a 
1 
-
1 
-
1 
-
1 
-
1 
-
0 . 50 
2 6 1 0 . 60 
3 
-
1 
-
2 
-
1 
-
1 1 6 0 . 74 
1 5 0 . 41 
1 3 0 . 50 
-
X 11 
7 . 00 1 
7 . 00 1 
7 . 00 1 
6 . 00 1 
7 . 00 1 
6 . 75 4 
6 . 89 9 
7 . 00 3 
9 . 00 1 
8 . 00 2 
7 . 00 1 
7 . 63 8 
6 . 83 6 
6 . 75 4 
Table 31 
Location 
P . Nguwal 
P . Mapor 
P . Bintan 
P . Galang 
P . Durian 
Riau Archip . 
(Exel . Durian) 
Malay Peninsula 
Sumatra 
P . Karimunjawa 
P . Bawean 
P . Karimat a 
Java 
Borneo(Excl. 
Sabah) 
Borneo:Sabah 
~ 
\..,J 
CJ" 
M3 Alveolar Breadth (mm) 
5 6 7 8 9 0 
1 
1 
-
1 
-
1 -
1 -
0 . 50 
3 6 0 . 50 
1 2 0 . 58 
1 
-
2 
-
1 
-
1 3 4 0 . 74 
4 2 0 . 52 
3 1 0.50 
~ 
-
X n 
6 . 00 1 
7 . 00 1 
6 . 00 1 
6 . 00 1 
7 . 00 1 
6 . 25 4 
6 . 67 9 
6 . 67 3 
8 . 00 1 
8 . 00 2 
7.00 1 
7 . 38 8 
6 . 33 6 
6 . 25 4 
I 
Table 32 
Location 
P . Nguwal 
P . Mapor 
P . Bintan 
P . Galang 
P . Durian 
Riau Archip . 
(Exel . Durian) 
Malay Peninsula 
Sumatra 
P . Karimunjawa 
P . Bawean 
P . Karimata 
Java 
Borneo(Excl. 
Sabah) 
Borneo:Sabah 
~ 
\..0 
-...J 
I 1 - 2 Alveolar Breadth (mm) 
6 7 8 9 1 0 1 1 1 2 0 
1 
1 -
1 -
1 -
1 -
0 . 96 
2 7 0 . 44 
2 1 0 . 58 
1 -
2 
-
1 -
1 3 3 1 0 . 93 
1 2 1 2 1 . 52 
1 3 0 . 50 
~ 
-
X n 
10 . 00 1 
11 . 00 1 
9 . 00 1 
11 • 00 1 
10 . 00 1 
10 . 25 4 
10 . 78 9 
10 . 33 3 
11 . 0 0 1 
10.00 2 
10 . 00 1 
10. 50 8 
8 .50 6 
10.75 4 
Table 33 
Location 
P . Nguwal 
P . Mapor 
P . Bintan 
P . Galang 
P . Durian Exel . 
Riau Ar chip . ( Duria1 
Malay Peninsula 
Sumatra 
P . Karimunjawa 
P . Bawean 
P . Karimata 
Java 
Borneo(Excl. 
Sabah) 
Borneo:Sabah 
~ 
vJ 
OJ 
c1 -c1 Bicanine Alveolar Breadth (mm) Table 34 
33 34 35 -28 29 30 31 32 0 X n Location 
1 29 . 00 1 P . Nguwal 
1 
- 33 . 00 1 P . Mapor 
1 
- 30 . 00 1 P . Bintan 
1 
-
32 . 00 1 P . Galang 
1 
- 30 . 00 1 P . Durian 
1 . 83 31 . 00 4 Riau Archip . 
(Exel . Durian) 
1 4 2 1 1 1 . 48 29 . 78 9 Malay Peninsula 
1 1 1 2.52 32 . 33 3 Sumatra 
1 
- 35 . 00 1 P . Karimunjawa 
1 1 - 33 . 00 2 P.Bawean 
1 
- 32 . 00 1 P . Karimata 
1 1 2 3 1 1 . 8 5 33.00 8 Java 
1 3 2 1 . 97 30.67 6 Born eo ( Excl . 
Sabah ) 
1 1 1 1 2 . 65 31 . 50 4 Born eo : Sabah 
--l. 
u) 
"° 
M. nemestrina 
PJM 3 Alveolar Length (mm) 
35 36 37 
1 3 2 
M1 Alveolar Breadth (mm) 
6 7 
4 
M2 Alveolar Breadth (mm) 
6 7 
--
38 
1 
2 
8 
5 
1 
1 
8 
3 
39 40 
1 1 
1 
9 
9 
6 
2 
1 
-0 X 
1 . 62 37 . 11 
38 . 00 
39 . 00 
-0 X 
0.52 7.60 
- 8.00 
- 8.00 
-
0 X 
0.50 8.66 
- 9.00 
- 9.00 
n 
9 
2 
1 
n 
9 
1 
1 
n 
9 
2 
1 
Table 35 
Location 
Sumatra 
Borneo 
Bangka I . 
Table 36 
Location 
Sumatra 
Borneo 
Bangka I. 
Table 37 
Location 
Sumatra 
Borneo 
Bangka I. 
--l. 
.p-
0 
3 
M Alveolar Breadth (mm) Table 38 
6 7 8 9 1 0 -0 X f) Location 
2 6 1 0.60 8.88 9 Sumatra 
2 
- 9.00 2 Borneo 
1 - 9.00 1 Bangka I. 
c1 c1 B' · 
- icanine Alveolar Breadth (mm) Table 39 
36 38 39 40 41 42 43 44 45 46 47 48 49 50 - Location 37 0 X f) 
1 2 1 2 1 2 2 . 96 42.33 9 Sumatra 
1 1 - 48.00 2 Borneo 
1 
- 44.00 1 Bangka I . 
1 -2 ( ) I Alveolar Breadth mm Table 40 
13 14 1 5 16 17 1 8 -1 1 12 0 X f) Location 
1 1 2 3 2 1 .33 13 .44 9 Sumatra 
1 1 - 15.50 2 Borneo 
1 - 18.00 1 Bangka I. 
_.I. 
~ 
_.I. 
~ 
fig.12 · 
Spec imens of M.fascicularis from Pen.Ma l a.ya, Pen.Burma (Tenasserim ) & Sumatra. 
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fig.13 
Sp ecime ns of M.fascicularis from Borneo, Java and South China Sea Islands. 
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fig.14 
Avera e JraniofaciR l measurements for M.fasiculari s 
from th e Lesser Sunda Islands. 
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fig.15 
Average craniofncial mea s urements for M.fasciculari~ 4 5 
from thP South China Sea Islands. 
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Speci me ns of M.fascicularis from Borneo, Java & South China Sea Is . 
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Av ra c c raniofacial measu rem e nts for M.fascicularis 
from the Malay Peninsula , Sumatra , Borne o 
and Java . 
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Speci mens of M. fascicularis from Wes t Co ast Ma l a y Pe ninsu l a Islanc s. 
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Spec imens of M.fascicularis from West Coast Ma la y Peninsula Islands. 
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Spec imens of M.fascicularis from Riau Archipelago and Durian Island 
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Specimens of M.fascicularis from P.Karimunjawa, P.Bawean and P.Karima t a. 
11 0 120 
Sku11 Length (m m) 
Pen . Ma 1 a ya ( s e e f i g. 1 2 for da ta ) 
130 
(Excl.Sabah/Bulungan; se e 
f i g. 1 3 f o r data ) 
Java ( s e e f i g. 1 3 for da t a ) 
-Borneo:Sabah/Bulungan 
( see fig. 1 3 for data ) 
-lt P. Karima ta 
+ P. Karimunj awa 
8 P. Ba wean 
~ 
Vl 
~ 
--=>'"""=""'.......-.....,;......,....--"'==~~~-::-::!:~=-'1~--:;a:;':;.:;;.-"""""""!'---=--:"!':"~~l"""::;"~~---==----='.':::~~~~'!!!C"""-.=a---.=...==--;~ iifi..rn:;5?_----=- -~ . pz..::::c_ -· ..._;: • ..__ ~ ·>--- "E".!I!" T""~::;:;::. • .:;:LE -- - ;;:;;:::::::;;t -- -..... ..: --- ~- ---. 
fig . 22 
Log Ratio aiagram comparing the taxa of Macaca with Pen . Malaya M.fascicularis bintangensis as the standard 
Area enclosed by broken line represents Std . Deviation limit for Pen.Ma laya . Mean values only for oth er 
localities . 
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L og Ratio diagram comparing the taxa of Macaca with Java M.fascicularis mordax as the standard. Area. 
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Log Ratio diagram comparing the taxa of Macaca with Malay Peninsula M.fascicularis bintangensis 
as the standard. Area enclosed by the broken line represents Std.Deviation limit for Malay Peninsula . 
Mean values only for taxa from localities other than Malay Peninsula . 
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Log Ratio diagram comparing the taxa of Macaca with Malay Peninsula M.fascicularis bintangensis 
as the standard. Area enclosed by the broken line repres ents Std.Deviation limit for Malay Peni nsul . 
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Chapter 5 
Geographic Comparison of M.fasicularis and M.nemestrina. 
The aim of this chapter is to compare any morphological 
parallels or trends which may exist between the two species 
over their geographic range ; this may ultimately allow for 
better unde r standing of taxonomic relationships between 
geographic variants (it may also point to environmental 
re sponse d i fferences or similarities) and possibly assist 
with data interpretation especially in the application of 
subspecific nomenclature. 
As mentioned earlier in this paper, fascicularis and 
nemestrina are sympatric over much of their range on Pen . 
Malaya , Sumatra and Borneo . 
Pelage specimens of fascicularis from Selangor and 
Sembilan (Approx . J 0 30 ' Nth . & 2°40 ' Nth . r espectively) are 
dark brown in colour ; those of nemestrina from Selangor by 
comparison are lighter in colour (cream - grey); also lighter 
than Sumatra skins . 
Colour variation is evident within both species over 
Sumatra . No nemestrina pelage specimens were available from 
Aceh or Central Sumatra ; clinal variation , however , possibly 
exists in the south of the island ; Palembang and Bengkulu 
(approx . 3°00 1 Sth . & J 0 29 1 Sth . respectively) brown , and 
Lampung (approx . 5 OO'Sth . ) reddish - brown . 
1 60 
Specimens of fascicularis from Aceh (approx . 5°07 1 t h . ) 
are generally darker and show a lesser degree of reddish-black 
colour than those from Bengkulu being black - reddish - brown . 
Borneo pelage colour for nemestrina and fascicularis 
changes in opposite directions : in the former , pelage 
specimens from East Borneo show sirriilar variation to that 
occuring in South Sumatra : Peleben (reddish) , East Kalimantan 
(reddish - brown) , and Sabah (cream - grey) . This indicates a 
colour change from reddish - brown at approximately the equator 
to cream - grey at Sandakan (Sabah) . In contrast fascicularis. 
specimens from Sabah are much darker (blackish) in colour , 
changing to brownish at Sampit in the south . The Sabah 
specimens , especially those from Mt . Kinabalu and Banguey 
Islands , differ significantly in colour not only from 
fascicularis from the rest of Borneo , but those from Pen . 
Malaya . In particular the Sabah specimens have a very black 
dorsal surface , notably more so than those from Pen . Malaya 
and the remainder of Borneo . The Kalimantan representatives 
are generally dark brown to black on the back , the black being 
restricted to Bulungan (approaching the Sabah border). 
In the limited material of nemestrina from Sumatra, 
specimens from Bengkulu are larger than those from Aceh and 
Palembang in both head and body and sku~l length . Data on 
bizygomatic and braincase breadth do not , however , support 
thic , Pasi (Aceh) being larger than Bengkulu in both features; 
there could be a cline of increasing skull width with latitude , 
however , bizygomatic breadth from Palembang to Pasi increasing 
1 61 
from 95 .6 mm (av . ) at Palembang to 115.0mm at Pasi ; Bengkulu 
averages 109.7mm. 
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Little variation exists over Sumatra for P - M length 
1 - 3 
and M breadth. 
Samples of fascicularis, like those of nemestrina, 
vary unexpectedly over Sumatra ; the two specimens from 
Bengkulu are longer in head and body length than the one from 
Aceh (Table 2). The relationship is reversed for tail length 
and skull length ; bizygomatic breadth is slightly larger at 
Bengkulu for fascicularis, again reversing the nemestrina 
relationship. At present the data are much too sparse, and too 
inconsistent , to work out any trends on Sumatra. 
There is a cline of decreasing head and body size with 
latitude in fascicularis over Borneo ; size ranges from 485mm 
at Sampit in the south , through Bulungan (431mm) to Mt Kinabalu 
(averaging 412 . 5mm) ; the specimen from Banguey Is. is 40mm 
larger than at Sampit (Table 2). A correlated trend is evident 
for tail length , size decreasing northwards (ibid). Skull data 
are inconsistent wi th this : there is a cline of increasing 
size with latitude north for skull length and bizygomatic 
3 3 
breadth , and , similar clines for P - M length and bicanine 
1 - 1 
C breadth are also evident (Table 3) . 
The interesting difference between Banguey Is . and 
Mt . Kinabalu , that the former is consistently bigger , is 
consistent for both cranial and skin measurements . 
Unlike fascicularis , specimens of nemestrina from 
Borneo change colour gradually from reddish - brown at East 
Kalimantan to a lighter cream - g r e y at Sandakan . Not enough 
information is available to compare body measurements , but 
what is available for cranial measurements indicates a 
162 
parallel with fascicularis for bizygomatic breadth but the 
opposite for skull length : the latter measures 155mm at 
Peleben and 145 . 6mm at Sapagaya River (Nth - East Borneo), size 
decreasing northwards ; skull length increases northwards for 
fascicularis (see Table 3) . Bizygomatic breadth for 
nemestrina increases from 101mm at Peleben to 104mm at 
Sapagaya River (Table 3) . Maximum skull size occurs in West 
Borneo (160mm) , minimum size in Nth - East Borneo (145 . 6mm) 
(Lyon 1907 : 567) . 
From the preceding comparisons (based on very limited 
data) it is apparent that , rather than parallelism between 
the long - tailed and pig - tailed macaques over their sympatric 
ranges , trends very often go in opposite directions . 
A direct parallel can , however , be made out for pelage 
colour : both species change colour from darker tones in 
southern locations to lighter tones in northern locations ; 
Borneo is the exception , fascicularis becoming darker on the 
island with increasing latitude north (Chapter 2) . 
Taking into consideration the large nemestrina head 
and body and skull length data compiled by Albrecht (1980) 
for the Malay Peninsula and Sumatra region from approximately 
0 60 4 South to North , a very interesting and to some degree 
surprising picture of nemestrina clinal size variation is 
revealed . Albrecht 1 s data (Table 41) clearly show that 
nemestrina becomes larger in a southerly direction; the 
inflection point occurs approximately 8° North latitude, 
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north of which is a different subspecies M. n . leonina ; indeed 
this study also shows that head and body and skull size 
increase in a southerly direction from Tenasserim (Pen . Burma) 
to Sumatra (Bengkulu) (Tables 2 & 3) . This finding for head 
and body and skull length is supported by Fooden (1975) who 
also states that a similar trend occurs for nemestrina over 
Borneo as well as Sumatra . As indicated earlier in this chapter , 
the Sumatra head and body and skull length data compiled by 
the author for this study tentatively agree with Fooden's 
findings ; head and body size data from Borneo (and Malay 
Peninsula) are not sufficient , however , to either confirm or 
refute the trend. 
M. fascicularis also exhibits latitudinal size gradients 
over the area of its sympatry with M. nemestrina, but in this 
case the animals are smaller towards the south and larger 
towards the north (see especially fig . 4) . M. nemestrina thus 
stands in marked contrast to the latitudinal variation 
exhibited by fascicularis . Overall comparison of M. nemestrina 
with M. fascicularis demonstrates a further difference that 
while the former decreases in size northwards to a point at 
about 8° Nth . where the size gradient reverses (and from which 
point a different subspecies continues , M. n . Leonina) , 
M. fascicularis in contrast demonstrates an unchanging gradient 
of northerly directed size increase across the same region of 
the Burma/Thai - Malay Peninsula . Table 41 does , however , show one 
curious parallelism between the two : in both , the size gradients 
are interrupted by a size peak around 1°N . Whether this would 
remain with larger samples is questionable . 
Albrecht claims that M. fascicularis follows a similar 
16 4 
gradient , similar to M. nemestrina south of the equator , both 
taxa being characterised by . . . size increase in a southerly 
direction ; the data in this study , while not very rich , cannot 
confirm this , at least for the regions where the two species 
are sympatric , and it may be that Albrecht is referring to 
M. f . mordax of Java , which is indeed somewhat larger than 
Sumatra and Borneo races (fig. 4, Tables 2 & 3) . 
Very little variation is evident in nemestrina 
1 - 3 
toothrow length and M breadth over Sumatra though maximum 
toothrow length occurs at Bengkulu . Maximum toothrow length 
for fascicularis also occurs at Bengkulu although al1 dental 
values generally show little variation from each other. This 
-
is also the situation for both fascicularis and nemestrina 
on Borneo (Tables 5- 8 , & 35 - 38) . 
To summarise then , there is parallelism between 
fascicularis and nemestrina only in the following cases : 
(1) Pelage colour (generally) over the Malay Peninsula 
and Sumatra ; and 
(2) head and body and skull length measurements over 
Sumatra ; but this relationship is dubious in the case of 
fascicularis , especially as the skull data conflict . 
On the other hand there is a most remarkable reversal 
between the two in the following cases ~ 
(1) Pelage colour over Borneo ; 
(2) Size , especially as measured by skull length , 
over the whole area where the two are sympatric . 
No reasons suggest themselves for these remarkable 
findings . 
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Table 41 
Size Variation in M. nemestrina & M.fascicularis. 
t 
M.nemestrina M. fascicularis 
-
-X X 
Approx. Head&Bod) Skull Head&Bod) Skull Latitude n L'gth(mm n L'gth L'gth(mm n L'gth (mm) (mm) 
North 
5°30~6°30 r 3 570.3 7 150.4 2 412.5 2 120.0 
4°30~5~30 
r 
3 570.3 5 149.2 2 445.5 2 11 8 . 0 
3°30~4°30 
r 
4 566.8 1 1 147.6 1 438.0 4 112. 3 
2°30~3°30 r 2 434.5 4 11 0 . 0 
I· 1°3 0~2°30 ' 2 1-53.0 4 418.8 
0°30~1°30 r 1 606.0 2 159.0 1 502.7 4 11 7. 8 
s o O 3 o ~ o O 3 o ·.'N 2 581 e 0 4 154.8 
1°30~0°30 r 9 157.8 
2°30~1°30 ' 3 595.3 4 154.3 
r 
' 3°30-2°30 2 485.0 2 108.5 
4°30~3°30 ' 4 654.3 8 159.4 2 51 5 . 5 2 11 6 . 5 
South 
M. nemestrina measurements derived from Albrecht,G.H . (1980) . 
Chapter 6 
Taxonomic Implications 
It is apparent from the previous chapters that 
considerable diversity exists between macaques over the 
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Malay Archipelago . In many cases the variation has been shown 
to be clinal , i . e . the differences between geographic 
populations , despite possessing to some considerable degree 
the character of species, are nonetheless closely linked by 
intermediate gradations; other differences are not linked by 
intermediate gradations , pointing towards subspeciation . It 
is possible to have subspecies linked by intermediate gradations , 
in cases where the intermediate zone is relatively narrow -
a stepped cline. However , this was not evident in this study . 
In determining whether a population of animals represent 
a separate subspecies or species, the usual biological 
procedure is to consider the following : 
(1) degree of difference ; 
(2) reproductive isolation in the case of species , or 
the sharpness of differentiation in geographic terms for 
subspecies ; 
(3) 75% Rule , which briefly means that three quarters 
of the population share a particular distinguishing feature . 
M. fascicularis 
Malay Peninsula : As shown in chapter 2 , a substantial colour 
difference exists between skins from Pen . Thailand and Malaya 
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and the Riau Archipelago ; the former are considerably lighter 
(grey - brown) than those from Pen. Malaya and Pp Riau which 
are generally a dark brown . Unfortunately the pelage specimens 
were restricted to Sembilan , Selangor , Pahang , and Perak on 
Pen . Malaya , and Tennasserim on Pen. Burma; no skins were 
available from between approximately 5°00 1 North and 12°18 1 
North latitude , making it impossible to determine if the 
colour gradation (cline) was continuous over the Malay 
Peninsula ; although this is suggested from the data and 
supported by head and body and tail measurements (see below) . 
Chapter 3 showed that much variation exists in head 
and body length (up to 102mm) between specimens from the Pen . 
Thailand/Burma region . The variation was , however , shown to 
be non - random but to form a good gradation of decreasing size 
with decreasing latitude . A similar situation was evident for 
tail length , but in that case tail size decreased northwards . 
The cline of decreasing head and body size southwards was 
continued over Pen . Malaya ; tail length similarly conformed 
with an overall cline , decreasing in size in a northerly 
direction (Chapter 3) . 
Clines were also supported by cranial data (Chapter 4), 
specimens from Pen . Thailand being generally larger than those 
from Pen . Malaya . Maximum and minimum values for toothrow 
length over the Malay Peninsula indicate overlap in size range 
between Pen . Thailand and Pen. Malaya; similarly overlapping 
1 - 3 
size ranges for M breadth were evident , reinforcing the 
presence of clines to account for the degree of difference 
between Pen . Thailand and Pen. Malaya . 
,, 
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With respect to reproductive isolation between the 
population inhabiting Pen . Thailand and that from Pen . Malaya , 
there appears to be no barrier geographical or biological to 
inhibit or deny the transfer of genes between the two 
populations . In view of this it must be acknowledged that , 
on the basis of available data , both populations share a common 
gene pool slightly modified by environmental pressures which 
must be associated in part with latitude and perhaps elevation. 
Applying the 75% Rule to the sixteen skins examined 
from the Malay Peninsula, it appears there may be grounds for 
distinguishing two subspecies : capitalis on Pen . Thailand and 
bintangensis on Pen . Malaya (Chapter 2) . However , data from 
head and body , tail , skull and dental measurements suggest 
the differences to be clinal with no evidence of any sharp 
disjunction (Chapters 3 & 4) . As stated previously , the valid 
name of the subspecies is bintangensis and capitalis is a 
junior synonym . 
Overall the data indicate a clear distinction between 
the Malay Peninsula and Sumatra, and the former and Borneo . 
Sumatra : Two colour types may possibly exist on Sumatra: 
black - reddish - brown at Bengkulu , and darker with less reddish-
brown at Aceh . However, as discussed in Chapter 2 , the degree 
(and generality) of distinction between the specimens appears 
to be insufficient to warrant separation on that basis alone ; 
this is supported by head and body and cranial measurements 
(Chapters 3 & 4) . The Sumatran skins were , however , clearly 
different from Pen. Malaya indicating the existence of 
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different subspecies at the two localities. 
Considerable size variation was also evident for head 
and body dimensions from Aceh and Bengkulu, the latter average 
exceeding the former by 64.5mm. Tail length was, on the other 
hand , longer at the former by 11 . 5mm . 
Maximum cranial measurements generally occurred at 
Bengkulu , measuring 116.5mm ; the average for Aceh was 124.0mm. 
Similarly the latter was larger in toothrow length although 
the diff6rence was very slight. In most cranial measurements 
Aceh exceeded not only Bengkulu but Pen . Malaya , falling 
approxi~ately between the measurements of the latter and Pen . 
Thailand (Chapter 4). 
No reproductive barriers are evident between Aceh and 
Bengkulu ; this is suppcrted by the heterogeneity (colour and 
size) at Bengkulu , approaching that between the two locations . 
Not enough data are available for application of the 
75% Rule , but the information generally supports the view that 
(tentatively) only one race fascicularis exists on Sumatra . 
Borneo : Toothrow averages for Sumatra and Java were shown to 
overlap when standard deviation was considered : 30 . 3mm (±0 . 58) 
and 31 . 6mm (±2 . 88) respectively . No such overlap was evident 
between Sumatra and Borneo (Kalimantan/Sarawak) , although , 
some overlap exists between Java and the latter ; this does 
1 2 
not occur between the latter two locations in either M or M 
breadth (Chapter 4). 
Sody (1949) considers the toothrow averages are 
sufficient to separate Java from Sumatra and Borneo ; he also 
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states the Sumatra average is higher than that for Borneo -
this is supported by data in this study. Borneo shows distinct 
' 
colour difference north and south of the island. The Sabah* 
skins are very black on the back, darker than those from Pen . 
Malaya and those from Kalimantan; the latter being generally 
dark brown (Chapter 2). 
The colour distinction between Sabah1~ (including Banguey 
Is.) and Kalimantan, and between the latter and Sumatra and 
Malaya, appears to be sufficiently great to retain the name 
mandibularis Elliot, 191 0 for the Kalimantan race. The skins 
also suggest that enough distinction exists between the Sabah* 
specimens and those from Sumatra, Pen. Malaya (and the Riau 
Archipelago; see below) to warrant taxonomic separation; no 
name is available for the Sabah and Banguey Is. populations. 
Considerable head and body size variation was also 
evident over Borneo (Chapter 3). The specimens from Sabah* 
were unusual in that the average size of 419mm is less than 
the average for the rest of Borneo at 498.3mm, a situation not 
paralleled on Sumatra, Java or the Malay Peninsula . A general 
clin e did appear to exist from approximately 2°30 1 South to 2° 
North latitude, after which there is a decrease again. The 
Banguey Is. specimen was larger than the average for both Sabah* 
and the rest of Borneo . 
Tail length data indicated very little difference between 
Sabah1~ and the remainder of Borneo , averaging 601 . 5mm for the 
former and 590 . 8mm for the latter . 
Size data from Borneo suggest the possibility of ct 
least three races existing on the island and its off shore 
islets: the Banguey Is ., Sabah and the remainder of Borneo 
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(Kalimantan and Sarawak). Of further interest was the difference 
in relative tail length between the Banguey Is . specimens and 
those from Sabah~ measuring :18.1% of head and body length in 
the former , and 143.6% in the latter (Chapter 3 and Table 2) . 
Average craniofacial measurements for Borneo (Chapter 4) 
showed the values for Sabah to be generally higher than those 
from Kalimantan and Sarawak ; this contradicted the trend 
evidenced in head and body data , which suggested a decrease 
in size from Saribas to Mt . Kinabalu (Sabah) . The majority of 
craniofacial measurements increased northwards. Cranial data 
from the Banguey Is . seemed to reinforce head and body data 
suggesting they were inhabited by a different race to that on 
the mainland . The available data also point towards more than 
one race existing on Borneo : the distribution of the majority 
of characters was more consistent with the interpretation of a 
sharp break than of a smooth cline . 
No major geological or environmental barriers are apparent 
between Sabah and the rest of Borneo to account for the clear 
colour and size differences ; however , a water barrier 
approximately 13 kilometres wide and greater than 36 metres 
deep separates the Banguey Is . from Borneo. This reproductive 
isolation , sin~e the late Pleistocene, may to some extent explain 
why there is no overlap in size between the Banguey Is . and 
Sabah in head and body , skull and toothrow length. 
Thus the data suggest that (1) separate races exist on 
Banguey , Sabah and the remainder of Borneo (Kalimantan and 
Sarawak) ; (2) Borneo as a whole is distinct from Java, Sumatra 
and the Malay Peninsula . 
(* ·includes Bulungan , geographically close to Sabah and having 
similar morphological features) . 
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Java : Pelage specimens from Java indicated considerable 
variation between and within Central and West Java (Chapter 2); 
no skins were available from East Java . The data did not 
indicate or suggest the presence of more than one race on the 
island. Overall , pelage specimens from locations closest to 
Borneo , e . g . Slamat and Indramayu , were closer in colour to 
the Kalimantan specimens than those from Sumatra; the generally 
darker speci~ens from Purwakarta , Tasikmalaya, Bogar and Bantam, 
appeared closer in colour to Sumatra than Borneo . 
Head and body data indicated the existence of a cline 
from Purwakarta (Central Java) to Bogar (West Java) ; it is 
not known if the cline extends into East Java as there was 
no material from that region. 
Tail size varied considerably over Java with no firm 
clinal trend; however , the Bogar specimens averaged a tail 
length 76mm shorter than that from Purwakarta , suggesting 
that more data may rev eal a cline (Chapter 3). 
There was little suggestion of clines from skull 
length data , and heterogeneity between the specimens was 
clearly evident (Chapter 4) . 
In toothrow length the average for Java exceeded those 
for Borneo (Kalimantan/Sarawak) , Sumatra and the Malay 
Peninsula ; only the average from Bangu~y Is. was larger 
(ibid). This seems to support the distinction between Java 
and the other major islands of the Malay Archipelago. 
Overall , skull data from Java indicated a closer 
relationship to Sumatra than Borneo (Kalimantan/Sarawak) ; 
and the latter showed closer affinity to Sumatra than to 
Pen Malaya and Java . 
As with the Malay Peninsula , Sumatra and Borneo 
(excluding the Banguey Is.), there is little evidence for 
any majcr barriers to gene flow over Java . Similarly , the 
heterogeneity apparent between the specimens suggests the 
presence of only one race on Java for which the name mordax 
Thomas and Wroughton 1909 is available . 
Lesser Sunda Islands (Nusatenggara): At least three races 
have been claimed from the Lesser Sunda Islands . 
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Bali is the island closest to Java ; in colour the two 
available skins were shown to be generally grey - brown on the 
back ; some similarity is evident with Java , but the latter 
is darker in overall colour (Chapter 2) . The Bali skins were 
generally different in colour to those from Sumbawa , Sumba 
and Flores (all referred by Sody to M. f.sublimitus) ; the 
latter race , however , had more widespread blackness on the 
back . The distinction between the populations referred to 
sublimitus , and between sublimitus and limitis from Timar , 
was slight and not enough on the available evidence to 
warrant retenticn of the name of Sody (1932) . 
Dammerman (1928)* assigns these populations to . mordax 
of Java . But in the present study skin data suggest limitis 
(including sublimitus) is sufficiently different from mordax 
(and submordax) to warrant separation. 
In head and body measurements, specimens from Bali 
appeared to be rather different from Java measuring 495mm in 
the former and 475.8mm (av . ) in the latter . Tail length nlso 
(*) see Hill W.C . O. 1974 : 529 
varied considerably between the two, Bali measuring 83 . 4mm 
shorter than the average for Java (Chapter 3) . 
Overall , the data support Chasen ' s claim that Bali 
and Java are inhabited by different races. 
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A good relationship was evident between Bali and Java 
in toothrow length : 32.0mm (av . ) for the former , and 31 . 6mm 
(av.) for the latter (Chapter 4). The two Surnbawa specimens 
were in turn very close in size to the average for Bali , and 
Sumba was closer to Sumbawa than Bali ; a gradation perhaps 
exists from Sumba through Sumbawa and Bali into Java. The 
1-2 
single specimen from Flores was larger in I breadth than 
all other Lesser Sunda specimens examined . 
Thus data from the Lesser Sunda Islands suggest that 
(1) on the basis of degree of difference, Bali probably 
represents a different race to that on Java; Timar is 
sufficiently distinct from both Java and Bali for tentative 
recognition of a separate subspecies ; and the name sublimitus 
for Sumba , Sumbawa and Flores is a junior subjective synonym 
of the valid name limitis of Timar to which they have greatest 
similarity ; (2) reproductive isolation is ensured by sea 
barrierc; and (3) the average for Javn is consistently larger 
in head and body , skull and toothrow length than that for the 
whole of the Lesser Sunda Islands. There were not enough 
specimens to apply the 75% rule . 
17 5 
Java Sea Islands : Pelage specimens from P . Karirnunjawa and 
P . Bawean showed clear distinctions between the two locations 
and also Borneo and Java (Chapter 2) . The specimens from 
Karimunjawa were dark brown - black on the back with slightly 
darker dorsal stripe ; they differed clearly from Java skins. 
In contrast , Bawean skins were much lighter in colour being 
dark brown on the back ; these skins also differed from Java 
specimens but to a lesser degree than those from Karimunjawa . 
Skin colour alone was sufficiently distinct to maintain 
separation of the Karimunjawa and Bawean populations as 
separate races : karimondjawae for the former and baweanus 
for the latter . In addition there was a clear difference 
between the two locations in head and body and relative tail 
length , the latter averaging 123 . 4% for P . Bawean , and 108 . 6% 
for P . Karimunjawa ; the values for head and body length were 
470mm (av . ) and 501mm (av . ) respectively (Table 2) . 
In skull length to braincase breadth , the specimens 
from Bawean and Karimunjawa showed more affinity to Java in 
average size than Borneo (they are also located closer to 
Java) ; toothrow measurements also indicate closer relationship 
with Java (Chapter 4) . 
Both Bawean and Karimunjawa are isolated by a deep 
and wide water barrier; also all specimens from each island 
exhibit the distinguishing characters which separate them 
into different subspecies . Sody (1949) also lists separate 
races for both islands. 
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South China Sea Islands~ Considerable pelage colour variation 
was evident between the Natuna, Anambas , Gt . Redang, and 
Tioman and Tinggi islands (Chapter 2) . 
Skins from the Natuna and Anambas islands were much 
darker than those from Tieman and Tinggi ; the latter two were 
also considerably lighter than the Gt . Redang specimen . 
In colour the Gt . Redang specimen (referred to 
argentimembris) was generally grey with a dark brown dorsal 
stripe . This contrasted with the specimen from the Nth . Natuna 
islands (Bungur an Island) which was generally black on the 
back ; the latter was a lso generally blacker over the body than 
other specimens refer r ed to pumila from t he Sth . Natuna and 
Anambas islands . Specimens f r om the latter two locations were 
also distinct from each other , as were all populations in that 
r egion ; the sk i ns were also shown to differ substantially from 
Borneo , Pen . Malaya a nd Sumatra . 
Thus on the basis of the available pelage data there is 
considerable argument for separating these populations into 
distinct subspecies ; considerably more skins would , however , 
be welcome for confirmation on this basis . 
Subspecific names are available for the Nth . Natuna 
and Sth . Natuna islands (referred by Chasen to pumila) : 
lingungensis Elliot 1910 (from Lingung I . ) for the former , 
and sirhassenensis Elliot 1910 (from Sirhassen I . ) for the 
latter . The type locality for the name pumila is P. Bunoa in 
the Tambelan Is ., from wh ich no specim ens wer e available for 
examination . No name is available for the Anambas population . 
The two specimens from P. Tioman and P . Tingg i 
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(located closer to Pen. Malaya than the other specimens) 
were very similar to each other in skin colour but sufficiently 
distinct from the Natuna, Anambas and Gt . Redang specimens 
and Pen . Malaya to tentatively retain the subspecific name 
laeta - again much more data are required for confirmation . 
As with skins , variation in head and body measurements 
was evident between specimens from the North and South Natuna 
and Anambas islands (Chapter 3) ; the averages for the former 
two were 415mm and 409 . 5mm , and the latter 450mm ; relative 
tail length values were 113 . 3% , 140 . 3% and 120.6% respectively; 
the type specimen of pumila has a relative tail length of 
129 . 2% (Miller 1900 : 241) . The limited head and body data 
reinforced the suggestion from skins that at least three well 
differentiated populations exist on these islands contrary 
to Chasen ' s claim that all belong to pumila (1940 : 69) . 
Only one specimen was examined from the Gt . Redang Is . 
for head and body and tail length ; the measurements fell 
between the lower size range of pumila and the upper range of 
those from P . Condore , located to the north - east of the 
Gt . Redang Is . The overall data indicate that in all 
probability Gt . Redang is inhabited by a distinct subspecies 
for which the name argentimembris Kloss , 1911 is available . 
Toothrow and molar measurements - did not show much 
variation between the specimens from the above islands, and 
the two specimens from the Anambas averaged the maximum for 
1 - 2 1 - 1 
I and C breadth (Chapter 4) . 
Although the above specimens represent populations 
isolated on islands , they are insufficient in number for 
application of the 75 % Rule . However , the limited data , 
,, 
17 8 
especially skin colour , tended to suggest str ongly that 
separate races exist on Nth . Natuna , 8th . Natun a , Gt . Redang , 
Anambas , and Tioman and Tinggi islands (the same race on the 
latter t wo) . 
Malacca Straits Islands . 
(West Coast Malay Peninsula) : Island specimens from off West 
Coast Pen . Thailand and Malaya were not consistently different 
from one another in col our a nd body measurements , and broadly 
c onformed to a cline of increasing body size with decreasing 
tail length northwards~ similar to that existing on the 
mainland , not , however , exactly duplicating the mainland t r end 
( Chapters 2 & 3) . 
Although the data were few , it nonetheless appeared the 
same race exists on the islands of K. Pipidon , P . Telibum and 
P . Pan j ang Awak ( oppos i te Thailand) , and P . Pintu and P . Penang 
(opposite Malaya) . A gradation paralleling the mainland was 
indicated . 
Not enough specimens were available to apply the 75% 
Rule to individual islands, but a gene flow barrier of wide 
and deep water exists between the islands and the mainland . 
Riau Archipelago Islands : In chapter 2 it was evident that 
skins from the Riau Archipelago islands of Mapor , Nguwal , 
Galang and Bintang did not vary very much in colour ; but those 
from P . Durian were noticeably differ ent from the other islands 
listed above and Pen . Malaya . The Durian skins were shown to 
be black - reddish - brown in colour similar to the one from nearby 
,, 
P . Sugi; the latter is the type locality for the name 
impudens, which Elliot (1910) also ascribed to Durian. 
Specimens from the other islands displayed good colour 
affinity with Pen. Malaya. 
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Considerable variation in head and body length was 
also evident between the Riau Archipelago specimens; maximum 
size occurred on P. Durian. In relative tail length the 
latter measured 137.2% compared with 130.6% (±7.7%) for the 
average of the other islands; but size overlap was indicated 
by the measurements. 
In skull measurements (Chapter 4), the Durian specimens 
showed a closer relationship to Pen. Malaya than Sumatra, 
falling well outside the size range of the latter; similarly 
there was a considerable difference in toothrow length 
between Durian and the average for Sumatra. There was also a 
difference in toothrow length between the Riau Archipelago 
averages as a whole and Sumatra, but much less between Riau 
and Pen. Malaya and Borneo. Craniofacial data were generally 
insufficient from the Riau Archipelago to indicate the 
existence of separate races in the region. 
Thus on the basis of the meagre data it appears that 
overall the Riau specimens bear a closer relationship to 
Pen . Malaya than Sumatra, and in any case fall within the 
range of variation of the former. This conclusion takes on 
additional importance because the earliest name for the 
mainland/Riau Archipelago race as a whole, bintangensis 
Elliot , 1909, was applied to a specimen from Bintang, on e 
of the Riau islands. It does appear , however, that on the 
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basis of skin colour, head and body measurements and relative 
tail length , a separate subspecies may possibly exist on 
P . Durian for which the name impudens Elliot 1910 is 
available . 
M. nemestrina 
Pen . Malay a , Sumatra , Pagi Island and Borneo: As with 
fascicularis , only a relatively small number of pig-tailed 
macaque specimens were available for examination from the 
Malay Archipelago . 
In c olour , specimens from Pen. Malaya were lighter 
than any other specimen of nemestrina from Sumatra or Borneo, 
except that from Sandakan which was of a similar colour: 
cream - grey on the back (Chapter 2). 
Malayan skins appeared to represent a continuing 
gradient from Sumatra ; there was a similar cline from South 
to North Borneo . On this evidence , subspecific separation 
seems inappropriate (and no name is available for this region). 
Skins from Lampung and nearby southerly districts of 
Sumatra showed good colour similarity to specimens from East 
Borneo ; no Sarawak or other West Borneo material was available 
for comparison . Colour variation was also evident over the south 
of Sumatra (Chapter 2), but it is not known if it occurs 
over Central or North Sumatra as no specimens were available 
from those regions . 
The name carpolegus Raffles 1821 is availabl e for the 
Bengkulu specimens ; but the type locality of nemestrina is 
Sumatra , and may in fact also be Bengkulu . On the basis of 
pelage colour variation, and the similarity in some cases to 
Borneo skins, separation of this population and that from 
Malaya and Borneo was not warranted (this is supported by 
head and body, and cranial data (Chapters 3 & 4)). 
On Borneo, the East Kalimantan skin was shown to have 
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a close similarity with those from South Sumatra; and that 
from Sandakan was similar in colour to specimens from Selangor 
(Pen. Malaya) being cream-grey on the back (Chapter 2). 
The name broca Miller 1906 is available for North-East 
Borneo (Sabah); none is available for Kalirnantan and Sarawak . 
Considerable variation was also evident for head and 
body measurements over Pen . Malaya, Sumatra and Borneo; the 
difference was, however, correlated with latitude (as 
discussed previously), not with the geographic units themselves. 
Cranial data from Borneo and Sumatra showed little difference 
between the two islands; the former falling well within the 
range of the latter in such highly correlated bivariate 
. 
comparisons as b~rbital breadth : birnalar breadth, and facial 
height: rostral length; fer skull length: bizygomatic breadth, 
the Borneo specimens fell directly on the regression slope fer 
Sumatra fChapter 4). Skull size overlapped between Sumatra, 
Borneo and Pen . Malaya (ibid), nor did dentition indicate any 
major differences . 
Overall , the data support the presence of only one 
subspecies at all these localities. 
The single specimen from Sth. Pagi Island (Mentawai Is., 
West Sumatra) was much darker (blackish) than mainland skins 
and clearly contrasted with all other specimens of nemestrina 
examined. This specimen undoubtedly represents a separate 
race; it has even been proposed to raise this population to 
species rank (Wilson and Wilson, 1978). 
Taxonomic Conclusions : Subspecies and Synonyms. 
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From the preceding analyses, and subject to more 
information, the following subspecific classification of the 
species Macaca fascicularis and M.nemestrina are proposed : 
(1) M.f.bintangensis Elliot ~909. 
1909 Pithecus bintangensis Elliot. Bintang I., Riau Arch. 
?1909 Pithecus alacer Elliot. Kundur I., Riau Arch. 
?1909 Pithecus karimoni Elliot. Karimon I., Riau Arch. 
?1909 Pithecus dollmani Elliot. Changi, Singapore. 
1909 Pithecus capitalis Elliot. Trang, Pen. Thailand. 
Distribution 
Malay Peninsula including islands off its west coast; 
and many of the islands in the Riau Archipelago. 
Description 
Skin colour varies considerably over the rang e of this 
subspecies. On Pen. Thailand the colour is much lighter 
(warmer) than for more southerly locations, and is generally 
grey - brown on the back to lighter (grey-cream-br own) shades 
laterally ; a broad dark (blackish) dorsal stripe extends from 
the neck to root of tail ; the crown is darker brown, the 
vent er cream. 
I· 
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Skins from Pen. Malaya contrast with Pen. Thailand 
being generally dark brown on the back, across the shoulders, 
neck and crown, diffusing to lighter grey-brown laterally. A 
dorsal stripe is not distinct and the venter is cream. 
A colour gradation is evident over the Peninsula from 
darker in the southern locations to lighter northwards. 
Both mainland colour types are darker than skins from 
nearby west coast islands , and are considerably more brown 
than skins from Sumatra. 
Variation is also evident for head and body length over 
the Malay Peninsula, ranging from 370mm - 485mm (x427.6mm 
V 
X 
038 . 69mm) ; the mean for Pen. Thailand is 428mm (050.14mm), 
for Pen . Malaya 427.3mm (032 . 68mm). The size range for tail 
length is 445mm - 625mm (x540.1mm 056.88mm), and the means 
* for Pen . Thailand and Pen. Malaya: 495.6mm (045.89mm), and 
577 . 2mm (034 . 02mm) respectively. Skull length ranges from 
106mm - 133mm (x114 . 7mm 07.25mm over the Malay Peninsula; the 
V 
n 
mean for Pen . Thailand being 124.7mm (07.63mm) and 111.3mm 
(02 . 78mm) for Pen . Malaya . Toothrow measurements range from 
25 - JOmm (x28 . 5mm 01 . 51mm) over the Malay Peninsula, the means 
being 29mm for Pen. Thailand and 28.3mm (01.70mm) for Pen. 
* Malaya. No size overlap is evident between Pen Thailand and 
Malaya for skull and tail length but it is for head and body 
length. 
A cline appears to b e operating over the Malay Peninsula; 
in all cases (except tail length) the measurements for Pen. 
* Thailand exceed thos e from Pen . Malaya; in the case of tail 
(* includes Pen . Burma) 
,, 
I· 
length, greatest size occurs on Pen . Malaya. Size variation 
over the Malay Peninsula adheres to known biological rules. 
No range overlap is evident between the Malay 
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Peninsula and Sumatra for tail length (it is between the latter 
and Pen. Malaya); however, it is for head and body and 
toothrow length (no skull length overlap is evident between 
Pen. Malaya and Sumatra but they are very close). Mean skull 
length data indicate a closer affinity with Borneo (Kalimantan/ 
Sarawak) than Java. 
(2) M.f.fascicularis (Raffles, 1821) 
1821 Simia fascicularis Raffles. Bengkulu, Sumatra. 
1825 Macacus carbonarius Cuvier. Sumatra. 
1830 Semnopithecus kra Lesson. Sumatra. 
1834 Macacus aureus Geoffroy. Sumatra. 
?1910 Pithecus lapsus Elliot. Bangka Island. 
?1910 Pithecus agnatus Elliot .. Tuangku I., Batu Is. 
?1916 Pithecus mansalaris Lyon. Mansalar I., West Sumatra. 
Distribution 
Sumatra and a number of smaller islands in its vicinity. 
Description 
Skin colour is generally black-reddish-brown on the 
back diffusing to reddish-brown laterally . The crown is black 
as is the face and neck ; the venter is cream-brown. 
Sumatra skins are clearly different from Pen. Malaya, 
Borneo and Java . Body measurements on the other hand are not 
as distinctive. 
Head and body length ranges from 451mm - 533mm 
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(x494mm 041.14mm); tail length from 598mm - 623mm (x614.Jmm 
014.15mm); and skull length from 116.0mm - 124. 0mm (x119mm 
04.35mm). 
Overlap exists with Pen. Malaya for tail, toothrow 
and head and body length, but not skull length which is very 
close indeed. Size overlap for all these characters is evident 
between Sumatra and Borneo (Kalimantan/Sarawak) except for 
toothrow length which is close. 
(3) M.f.mandibularis (Elliot, 1910) 
1910 Pithecus mandibularis Elliot. Pontianck, Borneo. 
Distribution 
Borneo: Landak, Sampit, Kambangdjanggut, Peleben 
(Kalimantan); and Saribas and Belaga (Sarawak). 
Description 
These skins are much browner in colour than Sabah and 
the Banguey Is., and Sumatra. They are generally dark brown 
on the back, the shoulders contrastingly darker (blackish) 
brown diffusing laterally to cream-grey; a contrasting broad 
dark dorsal stripe extends from the shoulders to root of tail; 
the venter is cream-brown. 
Head and body size ranges from 485mm - 522mm (x498.Jmm 
017 . 53mm) , considerably larger than the average for Sabah 
(including Bulungan) 419mm (010.68mm), with no overlap. Average 
tail length for mandibularis is 590.8mm (024.17 mm) , overlapping 
with Sabah (x601 .5 mm 039 . 41mm); the latter ranges from 545mm -
633mm , the former 571mm - 625mm . 
Skull length ranges from 104mm - 125mm (x114.4mm 
06.45mm), and the toothrow ran ge is 28.0mm - 29.0mm (x28.Jmm 
00.52mm). 
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Skull length mean appears to show greater affinity 
with the mean for Sumatra and Pen. Malaya than Java, and 
average toothrow length is closer to the mean for Pen. Malaya 
than Sumatra and Java. 
(4) M.fascicularis subsp. 
Distribution 
Sabah: Mt. Kinabalu and Sandakan; and Bulungan (North-
-East Kalimantan). 
Description 
These skins differ considerably in colour from 
Kalimantan and Sarawak, Pen. Malaya, Sumatra and Java. They 
are very black over the entire dorsal surface including neck, 
and face; laterally the colour is black-grey; the outer surface 
of the arms and legs is similar to the back; the venter is 
cream-brown. 
Head and body size ranges from 405.0mm - 431.0mm 
(x419.0mm 010.68mm), and tail length from 545.0mm - 633.0mm 
(x601.5mm 039.41mm). No overlap is evident with Kalimantan 
and Sarawak for head and body length, but it is for tail 
length . 
Skull length ranges from 110 . 0mm - 121.0mm (x115.0mm 
05 . 83mm) , and toothrow length from 28.0mm - 30.0mm (x29.3mm 
00.96mm). Both these ranges overlap with the remainder of 
Borneo . Colour and size are the major distinguishing features 
of this population. 
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(5) M.f. mordax Thomas and Wroughton, 1909 
1909 Macaca mordax Thomas& Wroughton. Tjilatjap, W. Java. 
1909 Macaca resima Thomas & Wroughton. Tasikmalaya, W. Java. 
Distribution 
Java. 
Description 
Considerable variability in skin colour exists over 
the island. Generally skins from Central and West Java are 
brown on the back, shoulders, neck and crown; the brown face 
diffuses to lighter tones laterally. A contrastingly black-
brown to black dorsal stripe extends from the shoulders to 
the root of the tail; the venter is cream-brown. 
' Central Java skins show some similarity to those from 
Kalimantan, while skins from West Java (e.g. Bogor and Bantam) 
have greater similarity with Sumatra. 
Head and body size ranges from 432mm - 520mm (x475.8mm 
036.71mm), and tail length from 514mm - 715mm (x593.4mm 
080.69mm). The range for skull length is 110mm - 130mm 
(x120.4mm 07.38mm), and for toothrow length 26mm - 35mm 
(xJ1.6mm 02.88mm). 
Overlap occurs between Java and both Sumatra and Borneo 
(Kalimantan/Sarawak) for all these features. 
Colour and relative tail length are the major features 
distinguishing Java from Sumatra and Borneo (excluding Sabah 
and Bulungan) ; the tails average 127.1% , 124.4% and 118.6% of 
body length respectively. Relative tail length and skull and 
toothrow length suggest a closer relationship of Java with 
Sumatra than with Borneo (Kalimantan/Sarawak). 
,, 
(6) M.f.submordax Sody , 1949 
1949 M.f.submordax Sody. Bali. 
Distribution 
Bali. 
Description 
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These skins are generally grey-brown in colour with 
blackish concentrations on the crown, neck, shoulders, dorsal 
stripe and lumbar/sacral region. The sides are lighter in 
colour: cream-grey with darker grey on the outer surface of 
the arms and legs. The venter is cream. Some similarity is 
evident with Java, but the latter is darker in overall colour. 
The means for tail and skull length are considerably 
smaller than for Java; according to flesh measurements, 
however, Bali is larger in head and body length, and it is 
slightly larger in toothrow length. Overlap is evident between 
Bali and Java for all these features except tail length when 
standard deviation for Java is taken into account.The figures are 
113mm - 119mm (x116mm) for skull length, and 31mm - 33mm 
(x32mm) for toothrow length. Not enough data are available to 
indicate any size range overlap between Bali and Sumbawa, 
Sumba and Flores for any of the above features. 
The recognition of submordax is supported by electro-
-
-phoretic examination of blood proteins of Indonesian 
M.fascicularis by Kawamoto and Aimi (1981), who detect ed 
considerable differentiation of the Bali form from others. 
(7) M. f . limitis Schwarz , 1913 
1913 M. irus limitis Schwarz. Timor 
1949 M. f . sublimitus Sody. Sumbawa, Sumba and Flores. 
Distribution 
Timar , Flores, Sumba and Sumbawa. 
Description 
The skins from Sumbawa , Sumba and Flores show little 
variation and are generally blackish - brown on the back and 
sides ; the blackness , however , is more widespread than on 
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Bali . The face is grey - brown, the crown and neck darker; the 
venter is cream with little grey. These skins contrast with 
Bali , Java and Borneo , but t0e difference from Timar is slight. 
Skins from Timar , like the for~er islands, are generally 
blackish - brown dorsally, with dark brown neck and crown. The 
face is grey - brown . There is loss black on the sides, arms and 
legs ; the venter is cream. The distinction between Timor, 
Sumbawa , Sumba and Flores is less than between any of them and 
Bali or Java , suggesting strongly that they all (except Bali 
and Java) belong to the same race limitis. The single available 
set of flesh measurements for Bali fall outside the range of 
Lesser Sunda skins , but this is not the case for skull and 
toothrow length although the limited data are meagre. There 
is not much difference between Flores and Sumbawa; Sumba 
records the smallest toothrow length , but it seems likely that 
it falls into the range of variation shown by specimens from 
other Lesser Sunda Islands. 
(8) M. f . karimond j awae Sody , 1949 
1949 M. f . karimond j·awae Sody. Karimunjawa Is. 
Distribution 
Karimu~jawa Island . 
Description 
These skins are generally uniform dark blackish-brown 
on the back and sides with a slightly darker dorsal stripe; 
the arms and legs similarly are dark blackish - brown, and the 
venter is cream - brown . They differ noticably in colour from 
Java , Borneo , Pen. Malaya and P . Bawean . 
The one specimen available for head and body, tail, 
skull and toothr ow length me~sured : 501mm , 544mm, 124mm and 
32mm respectively . Skull length , toothrow and tail length 
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are outside the range for Borneo (excluding Sabah) . Skull and 
toothrow measurements indicate a closer relationship with 
Java. 
(9) M. f . baweanus (Elliot , 1910) 
1910 Pithecus baweanus Elliot . Bawean I. 
Distribution 
Bawean Island. 
Description 
Pelage is generally dark brown on the back diffusing 
laterally to lighter grey - brown ; the arms and legs are also 
dark brown , the venter cream. Overall the skins are much 
lighter in tone than P. Karimunjawa, and also differ 
significantly from Java , Borneo Sumatra and Pen. Malaya, 
though less than do those from P. Karimun jawa. 
The range for head and body length is 460mm - 480mm 
(x470mm) ; for tail length 580mm ; skull length 119mm - 120mm 
(x119 . 5mm) ; and toothrow length 32mm - 33mm (xJ2.5mm). 
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Ove rlap is evident with both Java and Borneo (excluding Sabah) 
for skull, and tail length, but only with Java for toothrow 
and head and body length. 
Overall the means for baweanus are closer to Java than 
Borneo (Kalimantan and Sarawak) , except for tail length where 
affinity is towards the latter . 
(10) M.fascicularis subsp . 
Distribution 
Banguey Islands. 
Description 
Similar in colour to Sabah but clearly different from 
the remainder of Borneo, Pen . Malaya, Sumatra and Java. The 
dorsal surface is black (considerably darker than the Malay 
skins) diffusing to dark black-grey on the outerside of the 
arms and legs. There is also a pronounc-ed black dorsal stripe 
from the neck to root of tail. 
The following measurements are outsid e the rang e of 
the Sabah race : head and body length (525mm), skull length 
(123mm) and toothrow length (32mm) ; tall length (620mm) falls 
within the Sabah range; but in none of the above features 
does Banguey fall in th e range of the Kalimantan/Sarawak race. 
(11) M. f . sirhassenensis (Elliot , 1910) 
1910 Pithecus sirhassenensis Elliot , 1910. Sirhassen I . 
Distribution 
Sirhassen and Subikechil Islands , Sth . Natuna Is. 
Description 
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The skins are generally grey - black on the back , shoulders, 
neck and crown ; and grey - cream laterally . The face is black 
diffusing to black - brown temporally. The venter is cream-grey. 
The skins are darker with more dorsal blackness than 
on Tioman and Tinggi, Anambas , Malay Peninsula and Sumatra; 
however , noticably less than on the North Natuna Islands. They 
also differ from Kalimantan and Sarawak , the difference from 
Sabah being consid~rably less , though the latter are more 
black laterally . 
The range for head and body length is 390mm - 429mm 
(x409 . 5mm) ; for tail length 563mm - 586mm (x574 . 5mm); for skull 
length 111mm - 118mm (x115.Jmm 03 . 79mm) ; and for toothrow 
length 28mm - 29mm (x28.Jmm 00.57mm). All these measurements 
overlap with Pen . Malaya . Similarly all measurements overlap 
with Borneo (excluding Sabah) with the exception of head and 
body length . 
The means for skull length and head and body length 
indicate a close affinity with Sabah , more so than with the 
remainder of Borneo and Pen . Malaya. The measurements ar e al so 
considerably different from Nth. Natuna in all the above 
features with no overlap for skull and toothrow length. 
(12) M.f.lingungensis Elliot , 1910 
1910 Pithecus lingungensis Elliot . Lingung Island, 
Nth. Natuna Islands. 
Distribution 
Lingung and Bunguran Islands, Nth. Natuna Islands. 
Description 
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Skin colour is generally black all over the dorsal 
surface , diffusing to black-grey laterally. No dorsal stripe 
is evident and the venter is cream-grey. 
The pelage is considerably darker than the Gt. Redang, 
Anambas, South Natuna and Tioman and Tinggi Islands, also 
mainland Malay Peninsula, Sumatra and Borneo (Kalimantan and 
Sarawak) ; the difference from Sabah, however, is not great. 
The range for head and body length is 385mm - 445mm 
(x415mm); for tail length 460mm - 480mm (x470mm); skull length 
is 110mm and toothrow length 27mm. 
No overlap is evident in tail length with either Borneo 
(Sabah/Bulungan) or Pen. Malaya; overlap, however, does occur 
with Pen . Malaya and Sabah/Bulungan in head and body and skull 
length ; and Pen . Malaya in toothrow length. 
There is also (just) no overlap with Sth. Natuna in 
skull and toothrow length. Head and body and tail length are 
also noticeably different. Skull length suggests a closer 
affinity with Pen . Malaya than Borneo (Sabah/Bulungan) or 
Sth . Natuna Is. 
(13) M. fascicularis subsp. 
Distribution 
P . Siantan , Anambas Islands. 
Description 
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The skins are generally brown on the back, shoulders, 
neck and crown with no dorsal stripe evident. The sides by 
contrast are grey - brown , the arms and legs, like the back, 
brown . The face is blackish and the venter cream. 
The skins are much richer brown than the Nth. Natuna, 
Gt . Redang , Tioman and Tinggi specimens, and those from the 
larger land masses of Borneo, Sumatra and Pen. Thailand; 
however , the difference from Pen. Malaya is less conspicuous, 
the latter being slightly lighter in tone. 
Head and body measurements ranged from 440mm - 460mm 
(x450mm) ; tail length 520mm - 565mm (x542.5mm); skull length 
117mm - 118mm (x117 . 5mm) , and toothrow length from 29mm - 30mm 
(x29 . 5mm) . 
Overlap is evident between the Anambas and Borneo 
(Sabah/Bulungan) for skull and toothrow length; and with 
Kalimantan/Sarawak for skull length (although toothrow length 
between ·the two is close). Overlap is evident with Pen. Malaya 
for head and body and toothrow length, and with Sth. Natuna 
for skull length but not toothrow length (although they are 
close). The Anambas race is also considerably different from 
Nth. Natuna and Gt . Redang Is. in head and body, tail, skull 
and toothrow length; also diff e r e nt from Tioman and Tingg i 
in these features except toothrow length which is clo se . 
,, 
(14) M. f . laeta (Elliot , 1909) 
1909 Pithecus laetus Elliot . Tinggi Island . 
Distribution 
Tioman and Tinggi Islands . 
Description 
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The skins are generally grey - brown dorsally diffusing 
to cream - grey - brown laterally ; the crown is dark grey-brown 
(blackish) as is the face and tail ; the neck is greyish-brown 
and the venter cream . 
The pelage is much lighter and contrasts well with 
those from the Nth . Natuna , Anambas and Gt . Redang Is., 
Borneo , Pen . Malaya and Sumatra; the difference from Pen. 
Thailand is not as conspicuous. 
Tail length (572mm) , falls in the range of that of both 
Borneo .(Kalimantan/Sarawak) and Pen . Malaya as also for skull 
length , and (in the case of Malaya) for toothrow length, 
ranging from 108mm - 121mm (x112 . Jmm 07 . 50mm), and 30mm 
respectively . Skull and tail length measurements indicate a 
closer relationship with Pen . Malaya than Borneo. 
(15) M. f . pumila Miller , 1900 
1900 Macacus pumilus Miller. Bunoa I. Tambelan Is. 
Distribution 
Bunoa Island, Tambelan Islands. 
Description 
No specimens from this location were examined; 
according to Miller (1900) the skin of the type male is richly 
ochraceous with some black intermixture in the midline. The 
hind , neck and shoulders have heavy black speckling whic h 
,, 
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decreases on the lumbar/sacral region, which, with the lateral 
surfaces of the arms and legs, is uniformly golden with black 
speckling . The venter is silvery-white, greyish anteriorly. 
From this description it appears that some difference 
exists from other South China Sea locations, Borneo and Pen. 
Malaya ; but the degree of difference cannot be determined. 
Similarly no body measurements were made in this study 
but Miller (1900) recorded 431 . 8mm for head and body length; 
558mm for tail length; 108 . 6mm for skull length; and 28.6mm 
for toothrow length . 
All these measurements fall within the range of Pen. 
Malaya ; of Borneo (Kalimantan/Sarawak) for toothrow length; 
and Riau Archipelago for skull, toothrow and tail length. 
Some difference appears to exist between pumila and the 
Anambas , 8th . Natuna , Tioman and Tinggi, and Riau Archipelago 
in head and body , tail and skull length. 
(16) M. f . argentimembris Kloss, 1911 
1911 M. f . argentimembris Kloss. Penang I., Gt. Redang Is .. 
Distribution 
Gt.·Redang Islands . 
Description 
The skin is generally grey in dorsal colour with a 
broad black dorsal stripe underlayered with rich brown; the 
sides, arms and legs are black-grey, the hairs cream-grey 
basally; the crown and face are black, the venter cream. 
The skin is considerably darker grey than on Tioman, 
Tinggi and the Nth. Natuna Islands , Borneo , Sumatra and Pen. 
Thailand . The contrast is not as pronounced when compared 
with the Anambas and Sth . Natuna Islands, and Pen. Malaya; 
however , the dorsal stripe , absent from the former two, is 
darker and more defined than at the latter location. 
The specimen examined measured 405mm for head and 
body length ; 510mm for tail length; 107mm for skull length; 
and 28mm for toothrow length . 
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These measurements fall outside the range of either 
of the two Borneos and of Pen . Malaya in tail length; and of 
the two Borneos for head and body , skull or toothrow length 
(except for the latter feature with Kalirnantan/Sarawak). 
Toothrow and head and body l~ngth fall within the Malaya 
range . 
Considerable difference is also evident between Gt. 
Redang and the other Sth. China Sea races in measurements. 
It differs from Tinggi in tail length; Anarnbas in head and 
body , tail and skull length ; from Nth. Natuna in head and 
body and tail length; and from Sth. Natuna in tail and skull 
length . 
( 1 7) M . f'. at rice p s K 1 o s s , 1 91 9 
1919 M. f . atriceps Kloss, Koh Kram Island. 
Distribution 
Koh Kram Island. 
Description 
No pelage specimens referred to atriceps were examined 
for colour in this study because they wer e in an advanced 
state of decomposition. From Kloss ' (1919) description , the 
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skins are generally ol ive on th e back, the hairs on the 
dorsal surface having dark grey bases, the terminal half of 
which (or less) being alternately banded with dark straw-
yellow and dark brown, the latter predominating. The 
distinction from the Malay Peninsula seems not great by this 
description . 
Kloss (ibid) recorded the following size ranges for 
adult male specimens : head and body size 410mm - 465mm 
(x448 . 8mm 017 . 96mm) ; tail length 475mm - 550mm (x5J7.5mm 
015 . 54mm) ; skull length 113 . 5mm - 120mm (x116 . 8mm 02.66mm); 
and toothrow length 32mm - 34 . 3mm (xJJmm 00 . 96mm). 
Measurements taken in this study mostly support the above 
ranges , measuring 465mm for head and body length; 119mm for 
skull length ; and 32mm for toothrow length. Tail length was, 
however , much shorter at 410mm possibly the result of tail 
damage . 
Measurements taken in this study fall outside the 
range of Pen . Malaya in all of the above features; and of 
Pen . Thailand in the case of toothrow and tail length. Kloss' 
measurements (1919) , however , overlap with Pen. Thailand in 
the casff of skull , head and body and toothrow length; also 
with Pen . Malaya for head and body and tail length. His 
-
measurements also show no overlap with those for Gt. Redang 
Is. 
Although all measurements taken by Kloss (except 
toothrow length - see above) and those taken in this study 
(except toothrow and tail length) and possibly skin colour, 
ov erlap with the Malay Peninsula , Kloss (1919:347) considers, 
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the. o.u~o r of 
as does/this study, that enough distinction exists (espe cially 
in toothrow length) to assign them to subspecies rank. 
(18) M. f . impudens (Elliot, 1910) 
1910 Pithecus impudens Elliot. Sugi I ., Riau Archip. 
Distribution 
P . Sugi and P. Durian , Riau Archip . 
Description 
Skin colour is generally black-reddish-brown over the 
back , shoulders , neck and crown; this also applies to the arms 
and legs . The sides are much more reddish-brown with less 
black than on the back ; and the face blackish mellowing to 
brownish temporally. The venter is orange-cream, slightly 
lighter on the thorax than abdomen. 
Elliot ' s (1910) description of the skin of the type of 
impudens from the nearby Sugi island generally agrees with 
the above description and supports the view that the same race 
occurs on both islands. A clear colour difference is evident 
from other Riau islands. 
The specimen examined measured 430mm for head and body 
length ; 590mm for tail length; 110mm for skull length, and 
28mm for toothrow length. All these features fall in the 
range of Pen . Malaya; and skull and toothrow length are cl o s e 
to the mean values for specimens from the rest of th e Riau 
Archipelago . All the above features are quite distinc t f r o m 
those of the Sumatra race. 
l· 
Macaca nemestrina 
(1) Macaca nemestrina nemestrina (Linnaeus) 1766 
1766 Simia nemestrina Linnaeus. Sumatra. 
1821 M.carpolegus Raffles. Bengkulu, Sumatra. 
1906 M.broca Miller. Sapagaya R., Nth. East Borneo. 
1936 M.n.nucifera Sody . Bangka I. 
Distribution 
Pen. Malaya, Sumatra, Borneo and Bangka Island. 
Description 
Considerable variability is evident over the range of 
this subspecies. 
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Skins from Sumatra and Borneo are reddish-brown on the 
back; the crown, neck and shoulders are black, and there is a 
very pronounced black dorsal stripe from shoulders to root of 
tail. Laterally the colour is reddish-brown and the venter 
cream. The same range of variation is found in both islands. 
Skins from Pen. Malaya are lighter in colour than those from 
Kalimantan and Sumatra, being much more cream-grey on the 
sides , and grey -brown on the outside of the arms and legs. The 
crown is black as are the neck, shoulders and back. The colour 
is very similar, however, to skins from Sabah, except in th e 
latter the blackness on the back is more confined to a dorsal 
stripe . Consequently , no consistent differences in colour can 
be found over the range of this race. 
Size ranges for nemestrina are : head and body lengt h 
580mm - 656mm (x613.5mm 028 . 01mm) ; tail length 208mm - 245mm 
(x225 . 2mm 016 . 01mm) ; skull length 130mm - 169mm (x151.1mm 
,, 
08 . 83mm) ; and toothrow length 35mm - 40mm (x37.4mm o1 . 50mm ). 
Differences within these ranges are minor or non-exist e n t . 
(2) M. n . pagensis Miller, 1903 
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1903 Macacus pagensis Miller. Sth. Pagi I., Mentawai Is . 
1923 Rhesus nemestrinus metaveensis de Beaux. Ment a wai Is . 
Distribution 
Mentawai Islands , West Sumatra . 
Description 
The pelage is very black over the entire dorsal surfac e ; 
it clearly contrasts with all skins referred to M.n.nemestrina 
from Sumatra , Pen . Malaya and Borneo . 
Although no pagensis measurements were taken in this 
study , Miller ' s (1903) type (female) description record s a 
head and body length of 435mm , and tail length of 145mm; th ese 
sizes are much smaller than for nemestrina . 
Wilson and Wilson (1976) consider this a distinct 
species M. pagensis; in fact this population differs from 
nemestrina by the same degree (if not more so) as do any of 
the races of M. fascicularis (described in this paper) fr o m 
each other. Although it appears likely that M. pagensis is a 
distinct species , more data are needed to solve th e question 
of its taxonomic status . 
,, 
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Chapter 7 
Pleistocene Geography 
This study has shown that on the basis of available 
evidence a number of races of fascicularis exist in the Malay 
Archipelago . Reproductive isolation is the major fact or 
determining a species ; in the present case , wher e reproductive 
isolation is incomplete or has not been complete sufficiently 
long for genetic incompatibility to develop , subspecies have 
arisen . 
The major barrier responsible for reproductive isolation 
in this region is water - the sea isolating the many islands 
since the late Pleistocene . 
The major islands of the Malay Archipelago: Java, 
Sumatra and Borneo , plus the smaller islands surrounding them, 
lie in an extensive shallow area of sea known as the Sunda 
Shelf . This shelf (to the 200 metre isobath) covers an area 
of approximately 2 . 2 million square kilometers wit h an 
average depth of only 54 metres of water surrounding the major 
islands of Sumatra , Borneo and Java (Haile, 1973) (M ap 8) . 
During periods of glaciation in the temperate zones, 
sea levels were substantially below the -current average depth , 
expos ing connecting tracts of land between the majority of the 
islands and the Asian mainland, collectively called Sundaland. 
It has in fact been found (Batchelor, 1979), that Sundaland 
wa s dry land continu ously through the Plio-Pleistocene, marine 
transgressions being a feature only since the Middle Pleistocene . 
It was during such periods of low sea level that migration 
of M. fascicular i s and M. nemestrina took place . 
(Map 8). Map 8 Sunda Shelf 
South China 
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The Sunda shelf is transversed by at least three large 
submarine valley systems in the northern part of the Shelf: 
the Anambas , North Sunda and Proto - Lupar submarine valleys 
(Map 9) . According to Haile (1973), the Pleistocene rivers 
in these valleys may have joined to form a huge single river 
during periods of sea level stands of more than 100 metres 
below present . Investigation of the submarine valleys has 
indeed revealed that they are well marked between 50 - 100 
metres ; on the eastward continuation of the valleys ther e is 
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a broad indentation of the 127 - 164 metre contours, and th e 
182 metre contour does not appear to have been indented; this 
is consistent with a maximum relative lowering of sea level 
of 150 - 180 metres during the Pleistocene (ibid). Verstappen 
(1975) indicates the presence of a second major drainage 
system on the Sunda Shelf ; this flows in a south-east 
direction between Borneo and Java (Map 9). 
The migration of M. fascicularis and nemestrina into 
the Malay Archipelago was governed by topographical and 
climatological barriers that existed in the region during the 
Pleistocene . As the Sunda Shelf ran dry (a number of times) 
during Pleistocene periods of low sea level, the macaques 
(plus other mammalian terrestrial fauna) could easily have 
spread eastwards as far as east Borneo without any apparent 
major difficulty . 
\) 
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The Macassar Straits (Wallace's line) must also have 
been easily crossed, but at an earlier period (Groves,1976), 
as large Pleistocene land mammals like Elephas, Stegodon and 
Sus migrated to Sulawesi during that period . Ste~odon remains 
are also found on Timor and Flores suggesting sea gaps between 
these islands and Java were not prohibitive to migration; 
tectonic activity may account for its present formidable 
nature (Hooijer, 1975). However, Groves (1976) does not accept 
Hooijer 's links between Sulawesi and Flores Stegodon. He 
maintains that as these animals are only known from teeth, which 
Hooijer (1974) shows have no size difference between them, 
the stegodons (Stegodon sompo~nsis) may have dwarfed on both 
islands independently, both deriving from S .trigonocephalus 
found in the Pliocene Kali Glagah beds of Java. 
Sartono (1973) estimates that in addition to a western 
migration route across the Sunda Shelf , a northern migration 
route via Taiwan and the Philippines to Sulawesi also existed; 
migration into the Lesser Sunda Islands was via the western 
route - down the Malay Peninsula and Sumatra. Thus landroutes 
must have existed , according to Sartono, and were disrupted 
' 
by major tectonic movements during the latter part of the 
Quaternary . Groves (1976) disputes a migration route via 
Taiwan and the Philippines, and argues that approximately 8 0% 
of extant Sulawesi species (94% excluding bats) have detectable 
western affinities , 18% (9% excluding extant bats) have 
detectable eastern affinities, but only 5% (2% without bats) 
have Philippines affinities ; thus generally supporting a 
western migration route through Sundaland . 
I I 
The effect of climatological barriers on the 
distribution of macaques is of even greater importance than 
the role of topographical barriers . 
Quaternary data suggest that considerable climatic 
and env ironmental changes occurred in South - East Asia during 
the period (Verstappen , 1975) . He identifies three factors 
which exerted considerable influence on Quaternary climate 
in the region , especially during glacials : 
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(1) the position of the Intertropical Convergence Zone 
(ITC) , with which is associated most of the precipitation in 
the area ; 
(2) the world wide drop in air and marine temperatures 
which caused a lowering of the snowline and treeline, and 
affected the altitudinal zonation of vegetation in the area; 
and 
(3) the emergence of the Sunda and Sahul Shelves 
during gla c ials as a result of sea level falls . During glacials 
these three factors appear to have interacted to produce a 
continental climate with lower precipitation and long dry 
season , and a reduction in rainforests. 
In the past million years or so , at least nine massive 
ice sheets covered much of Europe and North America. The 
climate of the earth appears to have been warm approximat ely 
120 , 000 years ago , but cooled abruptly about 90,000 years ago , 
leading to the advance of the last glacial about 70,0 00 years 
ago (Matthews , 1976) . Although climatic fluctuations apparently 
occurred during the latter event , the climate nonetheless was 
basically cold and relatively dry until about 10,000 years ago 
and the start of the Holocene period. Oxygen-18 and 
foraminiferal analysis of deep-sea sediments suggest that 
ice-volume and general climatic changes may have occurred in 
a cycle near 100,000, 40,000 and 20,000 years (Hays et al, 
1976). If glacially induced periods of aridity did, as seems 
probable, influence the dispersal and differentiation of 
M.fascicularis and M.nemestrina,the problem remains of 
identifying the climatic events which may have been most 
significant. 
207 
Hooijer (1975) claims that the fauna of Sundaland was 
more evenly distributed over Java, Sumatra and Borneo during 
the Pleistocene than at present. Java experienced the greatest 
reduction in mammals including the local extinction of such 
animals as the siamang and orang-utan, which are known to 
have been present during the middle Pleistocene. Java and the 
Lesser Sunda Islands are also floristically distinct from 
Borneo, the Malay Peninsula and Sumatra, which appear to form 
a phytogeographic unit (Keng, 1970). Verstappen (1975) 
indicates evidence for the existence of an increasingly dry 
seasonal climate in a zone extending from lower Burma to 
eastern Java with the exposure of Sundaland during glacials; 
today the same drought plants of Asiatic and/or Australian 
type are found in Burma and eastern Java, the two being 
separated by humid evergreen forest that covers the 
intervening part of the Malesian region. Very few of the 
drought plants are endemic to either area which suggests that 
periods of humid climate were of short duration, and the 
exchange of drought tolerants must have been rather recent 
since all species are the same as those found in Asia and 
Australia . Glacial advances may have reduced (on several 
occasions and temporarily) evergreen forests in Java leading 
ultimately to the extinction of the primates mentioned above, 
and also M. nemestrina. 
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Populations of M. n . nemestrina may have taken refuge 
in montane forests during periods of increasing aridity and 
seasonality , as Crockett and Wilson (1980) and Rijksen (1978) 
indicate the principal habitat of this subspecies is evergreen 
rain forest ; also specimens have been collected from 
elevations up to 1700 metres in Borneo (Fooden 1975). As a 
consequence of glaciation to the north , the snowline appears 
to have lowered as much as 1000 metres , resulting in vertical 
compression of the climatological zonation in mountainous 
regions (Verstappen, 1975). 
Eustatic lowering of the sea level during the last 
glacial no doubt permitted gene flow among the M.nemestrina 
populations in Sundaland to which Fooden (1975) attributes 
morphologic similarity between the now disjunct insular and 
peninsula populations of the same species. 
Before 170 , 000 years ago the sea level was lowered 
some 200 metres by glacial eustasy (Jongsma, 1970) and 
maximal exposure of Sundaland may have occurred. Fooden (1975) 
hypothesises that a population ancestral_ to M.n.pagensis 
probably reached the Mentawai Islands west of Sumatra by a 
transitory land connection with Sundaland around that time. 
The minimal depth of the strait between the Sunda Shelf and 
the Mentawai Islands is about 200 metres. A land connection 
is also postulated by the presence in the Mentawai Islands 
of Hylobates klossi , to which water may have posed quite a 
formidable barrier ; tectonic activity cannot be discounted 
either . 
According to Fooden (1980) , the widespread 
distribution of the fascicularis group throughout much of 
South - East Asia suggests that it is the youngest of the 
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macaque species , although he earlier claimed that the 
differentiation of and initial divergence within the 
fascicularis group as a whole (including M. mulatta and fuscata) 
may have occured more tha n 500 , 000 years ago . Fooden (1975) 
also suggests that the failure of M. fascicularis to reach the 
Mentawai Islands means that the species was absent from 
Sundaland at the time of maximum eustatic lowering of sea 
level which as mentioned earlier may have occurred about 
170 , 000 years ago . Fooden thus concludes that M.nemestrina 
was the first macaque species to radiate into Sundaland; he 
apparently contradicts himself, however, with his claim that 
the initial divergence of the fascicular~s group throughout 
South - East Asia may have occurred more than 500,000 years 
ago . Hooijer (1962a) appears to support Fooden (1980) in part 
indicating that fossil teeth from the Kabuh Formation of East 
Java (Trinil and Bangle) (dated to the early/middle 
Pleistocene? (Orchiston , 1980)), have yielded teeth whose 
dimensions closely correspond to the present day Javan 
subspecies M.f . mordax ; Fooden (1975), however, argues the 
fossils are likely to belong to the pig-tailed macaque 
M. nemestrina . 
Specific determination of macaque fossils from the 
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Greater Sunda Islands depends essentially on tooth size; 
this is because the fossils consist entirely of jaw and 
tooth fragments . According to Fooden (1975) fossils with 
large teeth are to be identified as M. n . nemestrina, and those 
with small teeth as M. fascicularis ; these identifications are 
based on extant macaque species and subspecies inhabiting 
the area . 
The relationship of the Pleistocene Javan macaque 
teeth and extant M. n . nemestrina and M.fascicularis mordax 
has been carefully reviewed by Hooijer (1962a). In 
interpreting these data he notes that the ratio of premolar 
breadth to molar breadth in the fossil macaque is less than 
in living M. n . nemestrina, contending that this would not be 
true of a Pleistocene ancestor of M. n . nemestrina. He 
therefore rejects any association or relationship with 
nemestrina , and refers it to an ancestral form of M.f.mordax; 
this would indicate an evolutionary decrease in size. Fooden 
(1975), however , considers this interpretation questionable, 
indicating that the ratio of premolar to molar breadth of 
Pleistocene M. nemestrina does not necessarily have to be as 
in extan t M. n . nemestrina (and in any case is different in the 
Burmese M. n . leonina) , and that relatively broad molars in 
living species may be a recently evolved condition that 
related to allometric increase in size of rostrum and 
anterior part of the dental arch. No individual premolar 
measurements were taken in this study so that we cannot 
directly test the above arguement . 
is 
If the Pleistocene fossils are ancestral to extant 
I I 
M.f.mordax as Hooijer contends , it suggests that nemestrina 
was absent from Java at that time as well as during the 
I 
Holocene and at present; if on the other hand the fossils 
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are ancestral to extant nemestrina, it implies that a 
nemestrina-like form inhabited Java during the Pleistocene 
(before mordax?) and subsequently becoming extinct as did the 
siamang, orang -utan, Malay bear , elephant and Tapir (Badoux, 
1959). 
On the basis of upper molar measurements, this study 
does not fully support Hooijer's or Fooden's interpretation. 
Data from fig. 29 suggest a closer relationship between 
specimen No. 3785 (Kabuh Formation - representing some of the 
oldest known Pleistocene macaque remains in South-East Asia) 
and M.n.nemestrina than M.f.mordax, falling within the 
) 1 3 
formers range for M and M breadth; in fact the measurements 
1 - 3 
for M are well above the range of mordax of Java, and any 
other M.fascicularis subspecies with the exception of 
1 
karimondjawae (from Karimunjawa Is.) for M breadth (not 
shown on fig. 29 - see values in Tables 29 -31). Other 
Pleistocene measurements fall well below the range of nemestrina 
(extant Qr extinct) and appear to be closer to M.fascicularis 
from Borneo and Java. Holocene data from Goea Djinke (=Gua 
1 - 3 
Jinke), however, fall well within the M- size range of 
extant mordax and considerably below the range for extant 
nemestrina. 
The above data suggest strongly that ancestral 
nemestrina-like and mordax - like forms were contemporary on 
Java during the early/middle (?) Pleistocen e , th e nemestrina 
forms becoming locally extinct due to the envir o nm e nta l 
I' 
changes discussed earlier . This can be seen in Table 42 
which suggests that at least two size forms existed on Java 
during the early or middle Pleistocene (the possibility of 
a sex difference cannot be entirely discounted although 
Hooi j er (1962a, Table 21) shows that there is little or no 
difference in molar size between the sexes). 
The above suggestion is supported by Aimi (1981) 
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who recently presented unassailable proof that M.fascicularis 
and M. nemestrina were contemporary in Pleistocene Java. 
F tests were performed between the fossil sample and 
samples of two living species ; compared to M.f .mordax the 
combined fossil variances, although uniformly larger, 
1 
approached significance only in the case of M at p = 0.05. 
Compared to M.n.nemestrina, the differences in variances 
1 
shown by the fossil sample were not significant for M and 
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M but highly significant (at p<0.01) in the case of M . 
There is thus very strong indication that the fossil sample 
is heterogeneous . Examination of the data suggest that the 
fossil numbers 3785 , 10046b, 10046f, 10043 and 10014 belong 
to a taxon larger in size than numbers 10046c, 3788, 3786, 
3793 and 3789 ; when the means and standard deviations are 
calculated, the standard deviations are much more comparable 
to those calculated for the two living ~axa . 
The data for the five larger specimens , if these do 
indeed represent nemestrina, show that this species in the 
Pleistocene of Java was comparable to modern species on Borneo 
and Sumatra whereas M.fascicularis, if this is indeed represented 
by the five smaller specimens , was marginally small e r . . in siz e 
than extant mordax and so perhaps similar to oth e r l ivin g 
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races of M.fascicularis. The macaques would therefore seem 
to be an exception to Hooijer's (1962a etc.) rule that mammal 
species have reduced in size since the Pleistocene in South-
East Asia due to sea level rise and consequent isolation on 
islands . It can be noted that Hooijer's observations were 
based on mammals of very large size - rhinoceros and tapir -
and smaller mammals are as likely to have increased in size 
since the Pleistocene (Mayr, 1969b); indeed in recent forms 
of M. fascicularis the most southerly subspecies tend to be 
of a large size irrespective of whether they are on large 
islands (Java) or small ones (e.g . Karimunjawa). 
The Holocene fossils appear to represent only mordax-
- like forms , no overlap being evident with extant nemestrina; 
1 
overlap is evident with extant mordax for M breadth (10046e); 
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and for M and (just) M breadth (10028). Possibly nemestrina 
was already extinct at this time? 
Overall , the data strongly suggest the presence of both 
nemestrina and fascicularis (cf. mordax) on Java during the 
Pleistocene , but only mordax during the Holocene. 
Much more data are required to resolve this problem 
but a general reduction in molar breadth, from Pleistocene to 
2 
present , is possible for nemestrina in the case of M breadth; 
but increase for mordax for all molar breadth measurements 
from the early Holocene. With respect to the Pleistocene 
mordax-like fossils, molar breadth measurements appear to be 
generally below the range of the present day species with the 
2 3 
exception of M for no. 10046c, and of M for no. 3788, which 
exceed the Holocene value for mordax . Specimen 3793, and also 
2 
the M value for 3788, fall very close to the range for 
present day Borneo while 3786 and 3789 are considerably 
2 - 3 
closer to extant mordax than Borneo - especially for M 
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breadth (fig . 29) . From Table 42 it is suggested that (though 
samples are small) mordax - like fossil molars increased in 
3 
size from Pleistocene to early Holocene (M excepted) and 
continued to increase to present day - possibly reflecti on 
of a broadening of the mordax niche as nemestrina declin ed 
and became extinct? 
Riparian forests may have facilitated the dispersal 
of M. fascicularis at the time when increasing seasonality 
and aridity characterised South - East Asia; also the river 
systems may have provided the most significant refuge at 
times of climatic cooling during the Pleistocene. Adaptati on 
of M. fascicularis to riverine , and disturbed and secondary 
forests , suggests that the species dispersed before general 
improvement of the climate . 
This study recognises (provisionally and subject t o 
more data) eighteen subspecies of M. fascicularis of whic h the 
majority are insular forms which probably became finally 
isolated from one another with eustatic rise in sea level 
accompanY,ing the retreat of the last glacial about 10,0 00 
years ago . The presence of M. fascicularis in the Malay 
Peninsula , Borneo and Sumatra (and a number of Lesser Sunda 
Is . ) strengthens the contention that these regions constitute 
a natural floristic and faunal unit. Pleistocene riv er valleys 
may have facilitated extensive gene flow among the 
fascicularis populations in these r eg ions of Sundaland. 
Overall, published material suggests the pig - tailed 
macaque was first to radiate down the Malay Peninsula int o 
Sumatra (because of the absence, past and present, of 
fascicularis on the Mentawai Is.), and therefore also 
possibly Borneo and Java. This is supported by the fact that 
(excluding the possibility of more recent tectonic activity) 
nemestrina crossed the 200 metre deep water barrier between 
Sumatra and the Mentawai Is. a minimum of 170,000 years ago, 
at the estimated time of maximum Sundaland exposure. 
Accordingly, Fooden (1975) concludes that M.fascicularis 
must have either arrived in the region after 170,000 years 
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ago (but prior to approx. 40,000 years ago Niah Cave 
remains), or was present on Sumatra at the same time as the 
arrival of nemestrina, but its preference for riverine valleys 
and general avoidance of primary forests (contrary to 
nemestrina) prevented its migration to and subsequent isolation 
on the Mentawai islands. Data from this study, however, suggest 
that both species were contemporary on Java during the early 
or middle Pleistocene but not Holocene times; this implies 
that both species may have migrated into Sundaland at the same 
time at least 1 .5 million years ago (beginning of Kabuh times), 
if we accept Orchiston 1 s (1980) revised chronology for the 
Sangiran formations. 
Both species probably migrated into Sundaland via the 
western route, especially as far as Sumatra, the Mentawai 
Islands , Java and the Lesser Sunda Islands are concerned; als o 
into Borneo via the chain of islands between it and Sumatra 
(Bangka, Belitung and the Karimata Is ., which together 
constitute the watershed between the two major Pleistocen e 
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river systems) . 
The Pleistocene drainage systems were probably 
formidable barriers to migration ; the northern system 
effectively isolated the Anambas Islands from the North Natuna 
Islands , the latter from the South Natuna Islands; also these 
were isolated from the Great Redang Islands plus many other 
small islands in the region accounting , thus, for the 
differences described here between the macaques on these 
island groups . The immense rivers also prevented direct 
migration from Peninsula Malaya to Borneo , and Sumatra to 
Borneo except via the group of small islands connecting 
southern Sumatra to south - west Borneo . Similarly the drainage 
system denied direct migration between Java and Borneo . 
Wallace ' s Line is customarily drawn between Bali and 
Lombok , but studies such as Lincoln (1975) indicate that the 
differentiation is not very convincing , and in any case seems 
to have a mainly climatic basis . Macaques are found without 
a break across the "line "; a complete land bridge could well 
have existed through the now Lesser Sunda Islands to Timor, 
the substantial depths in some instances possibly the result 
of later tectonic disturbances , such as are described by 
. 
Van Bemmelen (1950) . 
The present day absence of nemestrina from Java and 
the Lesser Sunda Islands was , as indicated earlier in this 
chapter , probably due to the harsh drought climate that 
prevailed in the region in response to the movements of the 
Inter Tropical Convergence at the time of Sunda Land exposur e . 
Ecological studies have shown that nemestrina prefers the 
evergreen forest environment which more or less disappear ed 
, , 
from this region during the later Ple istocen e . 
Reproductive isolation does not appear to have been 
continuous in this region since the arrival of nemestrina. 
Reproductive connections of all nemestrina populations on 
Peninsula Malaya , Sumatra and Borneo may have reestablish ed 
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on at least three , perhaps four, and possibly more separat e 
occasions since its suggested arrival in the Mentawai Islands; 
that is 70 , 000 , 170 , 000 , 600 , 000 and 900 , 000 years ago, at 
which times eustatic sea lowering would have rendered access 
to most islands in the region possible ; access to the Mentawai 
Islands was certainly very early and probably denied thereafter 
having regard to the highly differentiated fauna of this 
-
region , second only to Sulawesi in the western Indonesian 
region (World Wildlife Fund Report 1980) . 
In the case of M. fascicularis , reproductive isolation 
of the insular populations mu st have been fairly complet e 
from at least 40 , 000 years ago (when the drainage system 
described above was well established) ; some of the insular 
populations would have been isolated for much longer peri ods 
than others due to differences in bathymetry , leading to 
staggere~ hence different degrees of emphasis in genotype 
concentration and morphological differentiation among the 
many island populations . 
The North Natuna Is . are surrounded by sea up to 
approximately 97 metres in depth , shallowing towards the 
South Natuna Islands ; the latter by approximately 43 metres 
of water , shallowing towards Borneo; the Anambas Is . by up 
to approximately 75 metres , shallowing towards Peninsula 
f I 
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Malaya ; and the islands of the Riau Archipelago by around 
32 metres , shallowing towards Sumatra and Peninsula Malaya 
(Reil , 1929) . These islands must therefore have been isolated 
at significantly different times resulting no doubt in 
genetic drift d i fferences and morphological differentiation. 
A similar situation is evident for P . Bawean and P. Karimunjawa, 
both standing in approximately 70 metres of sea shallowing 
towards both Borneo and Java . 
Different lengths of time of reproductive isolation 
and genetic drift evidently had considerable morphological 
effects on the different populations; this is particularly 
evident in the number of races of M. fascicularis in the region, 
-
and the degree of differentiation evident between pagensis 
and the remainder of the species nemestrina . 
It is difficult to determine the order of splitting 
of the taxa proposed in this study because of the problems 
associated with Pleistocene geography e.g. variability in 
rates of scouring and deposition ; accurate bathymetry of the 
period ; and erosion rates of Pleistocene rivers. As an example 
of some of the problems associated with this determination, 
Soekmonq (1963) , referring to the work of Obdeijn (1941-1944), 
proposes that up to historical times the Malay Peninsula 
extended in a south - east direction as ~ar as (and including) 
Bangka and Belitung islands , the link formed by the Riau and ,, 
Lingga Archipelagoes ; historical records of Arab, Greek and 
Chinese mariners indicate a passage around these islands 
(the Pleistocene end of the Malay Peninsula) in order to 
reach the South China Sea ; the Straits of Malacca and of 
Singapore being unnavigable to ocean going vessels as r e c e n tly 
as 400 years ago . Also Van Bemmele n (1950) indicat es much 
variability in deposition rates e . g . off Djambi (Jambi) , the 
land encroached on the sea by an average rate of 75 metres 
per year ; at Palembang (Musi River) , approximately 200 Km 
South - East of Jambi , the average encroachment rate was in 
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the order of 125 metres per year , a still greater shift rate. 
He notes that historical records indicate Palembang was a sea 
port 400 years ago ; it is presently 70 Km inland . It appears 
from this that Sumatra may have split from Java earlier than 
from Pen . Malaya ?; this is supported by the respective degrees 
of morphological differentiation of the macaques . On the other 
hand Van Bemmelen (1950) indicates that the Lingga Archipelago 
and the islands of Bangka and Belitung " belong to a mountain 
range which had largely been baseleveled and which was partly 
ab r aded . It has been dissected into a great number of islands 
owi ng to the rise of the sea in late Qua r ternery time . They 
repr esent a drowned topography ". It is clear therefore that 
Bangka and Belitung at least were separated as islands well 
before historical times . Van Bemmelen (ibid) also speculates 
on the origin of the Sunda Strait concluding that "it is 
possible. that it became navigable scarcely 1000 years ago. 
Especially the narrow passage across the northernmost branch 
of the great Lampong fault , with the isrand Dwars - in-de-weg 
(Sangiang) in the middle , could be navigated only since the 
middle ages ". According to Obdeijn (Soekmono 1963), the Sunda 
Strait was not even known to Chinese and Arab seafarers befor e 
1175 M .A.D. 
Bearing in mind the above problems it may be proposed 
, , 
that the order of splitting, based only on the degree of 
morphological difference between the proposed taxa, is as 
follows in possible order of event: 
(1) Mentawai Is. from Sumatra: M.pagensis or 
M.nemestrina pagensis from M.n.nemestrina; 
(2) Karimunjawa and Bawean islands from Borneo and 
Java: M.f.karimonjawae and M.f.baweanus from each other and 
from all other races of the species; 
(3) Java from Sumatra: M.f.mordax (with submordax and 
limitis) from M.f.fascicularis; 
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(4) Borneo from Sumatra: M.f.mandibularis (Kalimantan/ 
Sarawak) from M.f.fascicularis; 
(5) Sumatra from Pen. Malaya: M.f.fascicularis from 
M.f.bintangensis; 
(6) Bali from Java: M.f.submordax (with limitis) from 
M.f.mordax; 
(7) Lesser Sunda Islands from Bali: M.f.limitis from 
M.f.submordax; 
(8) Nth. Natuna Islands and Anambas Islands from 
Borneo and Pen . Malaya respectively: M.f.lingungensis and 
M.fascictllaris subsp. from M.f.mandibularis (Kaliman tan/ 
Sarawak) and M.f.bintangensis respectively; 
(9) the remainder of the South China Sea islands, 
Malacca Strait islands, and Banguey islands: accounting for 
M.f.sirhassenensis on the South Natuna Islands, M.f.laeta 
on Tioman and Tinggi islands, M.f.argentimembris on the 
Great Redang I slands, and M.f . atriceps on Koh Kram , also the 
unnam ed race of M.fascicularis on the Bang uey Islands . 
I I 
The above conclusion is partly supported by present 
day bathymetry , the maximum depth of water between the 
Mentawai Is . and Sumatra being 200 metres ; Karimunjawa and 
Bawean and Borneo and Java 70 metres ; Java and Sumatra 53 
metres ; Sumatra and Pen . Malaya 25 metres; and Bali from 
Java 20 metres . Much more data are required to date these 
events and more fully explain the morphological variation 
examined in this study . 
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Table /+2 
Comparison of Pleistocene (Kabuh Formation) Fossil Molars 
with Extant M.n.nemestrina and M.f.mordax Dentition . 
Pleistocene Fossils 
3785 
10046b 
10046f 
10043 
10014 
10046c 
3788 
3786 
3793 
3789 
Holocene Fossils 
10046e 
100 28 
Extant M.n.nemestrina 
Extant M.f.mordax 
f) 
-
X 
a 
f) 
-
X 
a 
f) 
-
X 
a 
f) 
-
X 
a 
M1 
7.6 
7.3 
7.4 
7.3 
4 
7.40 
0. 1 41 
6.7 
6.2 
5.9 
3 
6.26 
0.404 
6.7 
6.4 
1 1 
7.63 
0.504 
8 
6.87 
0 . 353 
M2 
9.4 
8 .4 
2 
8.90 
7.7 
6.6 
7.3 
6.5 
4 
7.02 
0.573 
7.3 
12 
8.75 
0.452 
8 
7.62 
0 .7 44 
*Pleistocene data from Hooijer 1962a. 
M3 
9 . 2 
7.9 
8.3 
3 
8.46 
0.665 
7.6 
7.2 
7.2 
3 
7.33 
0.230 
6.6 
12 
8 . 91 
0 . 514 
8 
7.37 
0 . 744 
(All measurements represent adult male molar (buccal/lingual) 
breadth (mm). 
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